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(57) ABSTRACT 

A method of Searching for clustering faults is employed for 
Semiconductor device manufacturing. The method enters 
data on faults present in a Search target, calculates a fre 
quency distribution of the faults in unit cells divided from 
the Search target, approximates the frequency distribution by 
overlaying at least two discrete distribution functions, and 
Searches for clustering faults according to weights of the 
discrete distribution functions on the frequency distribution. 
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METHOD, APPARATUS, AND COMPUTER 
PROGRAM OF SEARCHING FOR CLUSTERING 

FAULTS IN SEMCONDUCTOR DEVICE 
MANUFACTURING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit of priority under 35 
USC 119 on Japanese Patent Application No. P2001-65338 
filed on Mar. 8, 2001 and No. P2000-249718 filed on Aug. 
21, 2000, the entire contents of which are incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a technique of 
Searching for clustering faults in Semiconductor device 
manufacturing. In particular, the present invention relates to 
a method of Searching for clustering faults in Semiconductor 
device manufacturing and designing. The Searched cluster 
ing faults are used to find and correct abnormalities in 
manufacturing processes, to improve the productivity of 
Semiconductor devices. The present invention also relates to 
an apparatus to execute the method and a program to make 
a computer execute the method. The present invention also 
relates to applications of the clustering faults Searching 
method, including a method of optimizing the number of 
redundant circuits in a Semiconductor chip, a method of 
managing manufacturing processes, a method of managing 
a dean room, a method of manufacturing Semiconductor 
devices, a method of finding problematic processes and 
equipment, and a method of determining whether or not 
Semifinished products must be Scrapped. 
0004 2. Description of the Related Art 
0005 Recent fine semiconductor devices have severe 
proceSS margins to easily produce faults due to mismatched 
masks, uneven impurity concentrations, irregular film thick 
nesses, fine defects on wafers, etc. There is a need of 
clarifying the cause of Such faults, to correct manufacturing 
processes accordingly and improve yield. 
0006 A process improving technique according to a prior 
art will be explained. This technique employs a fault map 
Such as a fail bit map and empirically determines whether or 
not electrical faults found on a wafer are random or collec 
tive. The collective faults occurring at a specific location on 
an object are called “clustering faults.” If the clustering 
faults are found at, for example, the periphery of a wafer, the 
location is investigated to estimate a cause of the faults. 
Misaligned masks may cause clustering electrical faults at 
the periphery of a wafer. Based on a result of the investi 
gation, manufacturing equipment Such as a stepper is exam 
ined to find a principal cause of the faults. Another prior art 
employs a fault observatory System to find faults in a wafer. 
If faults whose number exceeds an empirical clustering 
faults threshold are found at a location, the technique 
investigates the location for a cause. 
0007. These techniques rely on user's skill and empirical 
clustering faults thresholds in Studying a fault map and 
finding clustering faults on the map, and therefore, they lack 
objectivity and are incapable of quantitatively determine 
whether or not faults in a wafer are random or clustering due 
to a Specific cause. 
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0008 Another prior art employing a statistical technique 
to find clustering faults is disclosed in Proc. 1997 Second 
lint. Workshop Statistical Metrology, pp. 52-55. This tech 
nique prepares a frequency distribution of faults in chipS and 
approximates the frequency distribution with a Poisson 
distribution. A tail of the Poisson distribution corresponds to 
large numbers of faults and involves Substantially no chips. 
If the tall involves any number of chips, the prior art 
determines that there are clustering faults. Any perSon 
skilled in the art, however, may find the pence of clustering 
faults on the Poisson distribution only by seeing it. This prior 
art provides no technique of quantitatively evaluating the tail 
shape of a Poisson distribution to determine the presence of 
clustering faults. 
0009. There is a need of providing a statistical technique 
of discriminating random faults from clustering faults. 

BRIEF SUMMARY OF THE INVENTION 

0010) A first aspect of the present invention provides a 
method of Searching for clustering imperfect entities, i.e., 
faults. The method at least includes entering data on imper 
fect entities present in a Search target calculating a frequency 
distribution of the imperfect entities in unit cells divided 
from the Search target approximating the frequency distri 
bution by overlaying at least two discrete distribution func 
tions, and Searching for clustering imperfect entities accord 
ing to weights of the discrete distribution functions on the 
frequency distribution. 
0011. The “imperfect entities' correspond to electrical 
faults, electrical faults in each layer, defects, defects in each 
layer, redundant circuits to be replaced with defective ele 
ments, etc. The imperfect entities represent electrical faults 
or defects not only in Semiconductor chips but also in 
peripheral devices around Semiconductor chips. The periph 
eral devices include resin packages, bonding wires, lead 
frames, etc. The electrical faults and defects include cracks, 
wire beaks, open faults, short circuits, etc. 
0012. The “search target' is an object on which the 
presence of clustering faults is tested or located. An example 
of the Search target is a wafer, a product lot, a manufacturing 
line, and a manufacturing factory. The “unit cell” is one of 
areas divided from the Search target. Imperfect entities in a 
Search target are handled in unit cells. The number of 
imperfect entities in a unit cell represents the frequency of 
imperfect entities in the unit cell. An example of the unit cell 
is a “block” formed by dividing a chip into at least two 
blocks, a “group' formed by gathering at least two chips 
together, a “shot area” Serving as a lithography unit, a wafer, 
and a product lot. A unit cell must be Smaller than a Search 
target. 

0013 The “imperfect entities' correspond to faults, and a 
frequency distribution of imperfect entities is a frequency 
distribution of random and clustering faults. The “discrete 
distribution functions' Separately approximate the random 
and clustering faults contained in the frequency distribution. 
The discrete distribution function that approximates the 
random faults may be a Poisson distribution, and the discrete 
distribution function that approximates the clustering faults 
may be a negative polynomial distribution. 

0014. The “data on imperfect entities present in a search 
target' include the coordinates of the imperfect entities on 
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the Search target, the types (electrical faults, defects, etc.) of 
the imperfect entities, the number of imperfect entities in 
each unit cell, the coordinates of the unit cells on the Search 
target, and a clustering faults criterion or threshold. These 
data pieces are used to calculate a frequency distribution of 
imperfect entities and determine the presence of clustering 
faults. 

0.015. A second aspect of the present invention provides 
an apparatus for executing the method of the first aspect. The 
apparatus at least includes an input unit that enterS data on 
imperfect entities present in a Search target, a frequency 
distribution calculator that calculates, according to the 
entered data, a frequency distribution of the imperfect enti 
ties in unit cells divided from the Search target, a discrete 
distribution function calculator that approximates the fre 
quency distribution by overlaying at least two discrete 
distribution functions, and a clustering faults Searcher that 
Searches for clustering imperfect entities according to 
weights of the discrete distribution functions on the fre 
quency distribution. 
0016 A third aspect of the present invention provides a 
program executed by a computer, to achieve the method of 
the first aspect. The program at least includes entering data 
on imperfect entities present in a Search target, calculating a 
frequency distribution of imperfect entities in unit cells 
divided from the Search target, approximating the frequency 
distribution by overlaying at least two discrete distribution 
functions, and Searching for clustering imperfect entities 
according to weights of the discrete distribution functions on 
the frequency distribution. 
0.017. A fourth aspect of the present invention provides a 
method of optimizing redundant circuits. The method at 
least includes entering the number of redundant circuits 
required to repair faults in chips divided from a wafer, 
calculating a frequency distribution of the redundant circuits 
on the chips, and calculating an optimum number of redun 
dant circuits that maximizes the number of acceptable chips 
producible from the wafer according to a relationship 
between the number of redundant circuits and the number of 
acceptable chips producible from the wafer. AS the number 
of redundant circuits on a chip increases, the number of 
acceptable chips producible from a wafer increases but the 
total number of chips producible from the wafer decreases. 
0.018. A fifth aspect of the present invention provides a 
method of managing processes. The method at least includes 
taking one of Search targets, entering data on imperfect 
entities present in the taken Search target, calculating a 
frequency distribution of the imperfect entities in unit cells 
divided from the taken Search target, approximating the 
frequency distribution by overlaying at least two discrete 
distribution functions, Searching for clustering imperfect 
entities according to weights of the discrete distribution 
functions on the frequency distribution, and repeating these 
acts on each of the Search targets. 
0.019 A sixth aspect of the present invention provides a 
method of managing a dean room. The method is carried out 
in one or a plurality of imperfect-entity testing processes 
carried out in the clean room. The method at least includes 
entering data on imperfect entities present in a Search target, 
calculating a frequency distribution of the imperfect entities 
in unit cells divided from the Search target, approximating 
the frequency distribution by overlaying at least two discrete 

May 5, 2005 

distribution functions, and Searching for clustering imperfect 
entities according to weights of the discrete distribution 
functions on the frequency distribution. 
0020. A seventh aspect of the present invention provides 
a method of manufacturing Semiconductor devices. The 
method is carried out in one or a plurality of imperfect-entity 
testing processes taking place in Semiconductor device 
manufacturing. The method includes entering data on imper 
fect entities present in a Search target, calculating a fre 
quency distribution of imperfect entities in unit cells divided 
from the Search target, approximating the frequency distri 
bution by overlaying at least two discrete distribution func 
tions, and Searching for clustering imperfect entities accord 
ing to weights of the discrete distribution functions on the 
frequency distribution. 
0021. An eighth aspect of the present invention provides 
a method of identifying a problematic proceSS and equip 
ment. The method at least includes taking one of Search 
targets, entering data on imperfect entities present in the 
taken Search target, calculating a frequency distribution of 
the imperfect entities in unit cells divided from the search 
target, approximating the frequency distribution by overlay 
ing at least two discrete distribution functions, calculating 
weights of the discrete distribution functions, repeating the 
above acts on each of the Search targets, calculating equip 
ment by equipment for each process, a frequency distribu 
tion of the discrete-distribution-function weights according 
to the calculated weights and equipment history of each 
Search target, calculating for each process, a difference 
between the frequency distributions of discrete-distribution 
function weights calculated equipment by equipment, and 
extracting processes and equipment related to the calculated 
differences in descending order of the calculated differences. 
0022. A ninth aspect of the present invention provides a 
program executable by computer, to achieve the method of 
the eighth aspect. The program at least includes taking one 
of Search targets, entering data on imperfect entities present 
in the taken Search target, calculating a frequency distribu 
tion of the imperfect entities in unit cells divided from the 
Search target, approximating the frequency distribution by 
overlaying at least two discrete distribution functions, cal 
culating weights of the discrete distribution functions, 
repeating the above acts until every one of the Search targets 
is taken, calculating, equipment by equipment for each pass, 
a frequency distribution of the discrete-distribution-function 
weights according to the calculated weights and equipment 
history of each Search target, calculating, for each process, 
a difference between the frequency distributions of discrete 
distribution-function weights calculated equipment by 
equipment, and extracting processes and equipment related 
to the calculated differences in descending order of the 
calculated differences. 

0023. A tenth aspect of the present invention provides an 
apparatus for identifying a problematic process and equip 
ment. The apparatus at least includes a data memory that at 
least Stores data on imperfect entities present in Search 
targets each divided into unit cells and equipment history 
showing Search targets and the processes and equipment that 
processed the Search targets, a frequency distribution calcu 
lator that calculates, for each of the Search targets according 
to the data on imperfect entities, a frequency distribution of 
imperfect entities in the unit cells, a discrete distribution 
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function calculator that approximates each of the frequency 
distribution by overlaying at least two discrete distribution 
functions and calculating weights of the discrete distribution 
functions, a weight frequency distribution calculator that 
calculates, equipment by equipment for each process, a 
frequency distribution of the discrete-distribution-function 
weights according to the calculated weights and the equip 
ment history, and a difference calculator that calculates, for 
each process, a difference between the frequency distribu 
tions of discrete-distribution-function weights calculated 
equipment by equipment. 

0024. An eleventh aspect of the present invention pro 
vides a method of determining whether or not a Search target 
must be Scrapped. In a testing proS carried out in Semicon 
ductor device manufacturing, the method at least includes 
evaluating the characteristics of Semiconductor elements on 
the Search target, detecting imperfect entities present in the 
Search target, calculating a frequency distribution of the 
imperfect entities in unit cells divided from the Search target, 
approximating the frequency distribution by Overlaying at 
least two discrete distribution functions, calculating param 
eters related to the discrete distribution functions, calculat 
ing a yield from the Search target according to the calculated 
parameters, and determining, according to the yield, whether 
or not the Search target under manufacturing must be 
Scrapped. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0.025 FIG. 1 is a flowchart showing a method of search 
ing for clustering faults according to a principle of the 
embodiments of the present invention; 
0.026 FIG. 2 is a block diagram showing an apparatus for 
Searching for clustering faults according to a first embodi 
ment of the present invention; 
0.027 FIG. 3 is a flowchart showing a method of search 
ing for clustering faults executed by the apparatus of FIG. 
2, 
0028 FIG. 4A is a graph showing a frequency distribu 
tion of electrical faults in chips calculated by a frequency 
distribution calculator in the apparatus of FIG. 2; 
0029 FIG. 4B is a graph showing a Poisson distribution 
and a negative binomial distribution calculated by a discrete 
distribution function calculator in the apparatus of FIG. 2, to 
approximate the frequency distribution of FIG. 4A; 
0030 FIG. 5 shows an example of an apparatus for 
Searching for clustering faults according to an embodiment 
of the present invention, the apparatus being a computer 
System that reads a clustering faults Searching program 
based on the embodiments of the present invention Stored in 
a storage medium; 
0.031 FIG. 6 is a block diagram showing an apparatus for 
Searching for clustering faults according to a Second 
embodiment of the present invention; 
0.032 FIG. 7 is a flowchart showing a method of search 
ing for clustering faults executed by the apparatus of FIG. 
6; 
0.033 FIG. 8A is a graph showing a frequency distribu 
tion of electrical faults in chips calculated by a frequency 
distribution calculator in the apparatus of FIG. 6; 
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0034 FIG. 8B is a graph showing a Poisson distribution 
and a negative binomial distribution calculated by a discrete 
distribution function calculator in the apparatus of FIG. 6, to 
approximate the frequency distribution of FIG. 8A; 
0035 FIG. 8C is a graph showing a clustering faults area 
in the frequency distribution of FIG. 8A; 
0036 FIG. 8D is a wafer map showing chips involving 
clustering faults; 
0037 FIG. 9 is a wafer map showing shot areas serving 
as unit cells and involving clustering faults; 
0038 FIG. 10 is a block diagram showing an apparatus 
for Searching for clustering faults according to a third 
embodiment of the present invention; 
0039 FIG. 11 is a flowchart partly showing a method of 
Searching for clustering faults executed by the apparatus of 
FIG. 10, 
0040 FIG. 12 is a flowchart showing a method of 
optimizing redundant circuits based on a method of Searing 
for clustering faults according to a fourth embodiment of the 
present invention; 
0041 FIG. 13A is a graph showing a frequency distri 
bution of redundant circuits in chips, 
0042 FIG. 13B is a graph showing a relationship 
between a yield and the number of redundant circuits, 
0.043 FIG. 13C shows increasing chip areas in propor 
tion to the number of redundant circuits, 

0044 FIG. 13D is a graph showing the number of 
redundant circuits with respect to the number of acceptable 
chips producible from a wafer, 
004.5 FIG. 14 is a flowchart showing a method of 
managing processes and a dean room according to a fifth 
embodiment of the present invention; 
0046 FIG. 15 is a graph showing negative binomial 
distribution weights (WNBs) with respect lot numbers; 
0047 FIGS. 16 and 17 are flowcharts showing a method 
of manufacturing Semiconductor devices according to a 
Sixth embodiment of the present invention; 
0048 FIG. 18 is a flowchart showing the details of an M1 
forming process of FIG. 16; 

0049 FIGS. 19 and 20 are flowcharts showing a method 
of extracting problematic processes and equipment accord 
ing to a Seventh embodiment of the present invention; 
0050 FIG. 21 is a block diagram showing an apparatus 
for exuding the method of the seventh embodiment, 
0051 FIG. 22 is a graph showing a frequency distribu 
tion of redundant circuits and clustering faults chips (38) 
whose number “n” is in the range of “uth-nknmax” where 
with is a clustering faults threshold and nmaX is the number 
of redundant circuits to maximize the number of acceptable 
chips producible from a wafer, 
0.052 FIG. 23 is a flowchart partly showing the wafer 
processing (upstream processes) of FIG. 16 corresponding 
to a method of determining whether or not a Search target 
must be Scrapped according to an eighth embodiment of the 
present invention; 
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0.053 FIG. 24 is a graph showing relationships among 
the process flow, manufacturing cost Sales, and profit of a 
high-yield lot; 
0.054 FIG. 25A is a graph showing relationships among 
the process flow, manufacturing cost, Sales, and loSS of a 
low-yield lot; and 
0055 FIG.25B is a graph showing a loss (manufacturing 
cost) caused by scrapping the low-yield lot of FIG. 25A 
after an element characteristics evaluating step (S84). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0056 Various embodiments of the present invention will 
be described with reference to the accompanying drawings. 
It is to be noted that the same or Similar reference numerals 
are applied to the Same or similar parts and elements 
throughout the drawings, and the description of the same or 
Similar parts and elements will be omitted or simplified. 
0057 (Basics) 
0.058 FIG. 1 is a flowchart showing a principle of a 
method of Searching for clustering faults according to the 
embodiments of the present invention. Basic operations of 
the method will be explained. 
0059 (1) Step S100 enters data on imperfect entities 
present in a Se target. 

0060 (2) Step S200 calculates a frequency distribution of 
the imperfect entities in unit cells divided from the search 
target. 

0061 (3) Step S300 approximates the frequency distri 
bution of imperfect entities by Overlaying at least two 
discrete distribution functions. 

0062 (4) Step S400 searches for clustering imperfect 
entities according to weights of the discrete distribution 
functions on the frequency distribution of imperfect entities. 
0.063. The imperfect entities may correspond to electrical 
faults, the Search target to a wafer, and the unit cells to chips 
divided from the wafer. 

0064. The data entered in step S100 relate to electrical 
faults present in the wafer and are used in step S200 to 
calculate a frequency distribution of electrical faults. The 
data may be the coordinates of electrical faults on the wafer, 
the numbers of electrical faults in the chips, the coordinates 
of the chips on the wafer, and a clustering faults criterion or 
threshold. 

0065. The frequency distribution of electrical faults cal 
culated in Step S200 is a graph having an abscissa repre 
Senting the numbers of electrical faults in the chips and an 
ordinate representing the numbers of chips or the logarithms 
of the numbers of chips. The frequency distribution of 
electrical faults involve random faults in the wafer and 
clustering faults that are caused by a Specific reason in the 
wafer. 

0.066 The discrete distribution functions calculated in 
step S300 approximate the random and clustering faults, 
respectively. For example, the discrete-distribution function 
approximating the random faults is a Poisson distribution, 
and the discrete function approximating the clustering faults 
is a negative binomial distribution. If the electrical faults in 
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the wafer are mostly random faults and partly clustering 
faults, the frequency distribution prepared in step S200 may 
be approximated by Overlaying a Poisson distribution and a 
negative binomial distribution. 
0067. In step S400, the frequency distribution of electri 
cal faults is divided into the discrete distribution functions. 
These discrete distribution functions approximate the ran 
dom electric faults spontaneously occurring in the wafer and 
the clustering electric faults caused by a specific reason in 
the wafer, respectively. Each of the discrete distribution 
functions has specific parameters including a weight on the 
frequency distribution, an average of electrical faults, and a 
clustering faults parameter. These parameters are used to 
determine whether or not the wafer involves clustering faults 
and identify chips having clustering faults. 

0068. When imperfect entities (electrical faults) are ran 
domly present in a search target (wafer) and an average of 
electrical faults in each chip divided from the wafer is up, a 
probability distribution of “n” electrical faults in each chip 
follows a Poisson distribution P(n; p) as follows: 

P(n,p)=exp(-p)x(p)"/n! (1) 

0069. The Poisson distribution, therefore, is effective to 
represent random electrical faults. 
0070 When there are clustering electrical faults in a 
wafer without random electrical faults, a probability distri 
bution of “n” electrical faults in each chip divided from the 
wafer follows a negative binomial expression as follows: 

0071 where WNB is an average of electrical faults in a 
chip and a is a clustering faults parameter. AS C. approaches 
0, the degree of clustering increases to indicate a larger 
clustering of faults. AS C. increase, the degree of clustering 
decreases. When C. approaches infinite, the negative bino 
mial distribution agrees with a Poisson distribution. In this 
way, the negative binomial distribution is effective to rep 
resent clustering electrical faults. If there are mostly random 
electrical faults and partly clustering faults, a frequency 
distribution involving the two types of electrical faults is 
approximated by overlaying a Poisson distribution and a 
negative binomial distribution. 

First Embodiment 

0072 A method of and an apparatus for determining 
whether or not a Search target (wafer) involves clustering 
faults according to the first embodiment of the present 
invention will be explained. FIG. 2 is a block diagram 
showing the apparatus according to the first embodiment. 
The apparatus includes a process controller 1, a program 
memory 2, a data memory 3, an input unit 4 to enter data on 
electrical faults present in a wafer, an output unit 5, and a 
display 6 to display distribution shapes. 

0073. The process controller 1 includes functional units 
to Search for clustering faults. The functional units include 
a frequency distribution calculator 7 to calculate, according 
to the data on electrical faults present in the wafer, a 
frequency distribution of the electrical faults based on chips 
divided from the wafer, a discrete-distribution function 
calculator 8 to approximate the frequency distribution of 
electrical faults by Overlaying at least two discrete distribu 
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tion functions, and a clustering faults tester 9 to Search for 
clustering faults according to a weight of the discrete 
distribution functions with respect to the frequency distri 
bution of electrical faults. The data on electrical faults 
include the numbers of electrical faults in the chips and test 
conditions related to discrete-distribution-function weights 
used to test clustering faults. The discrete distribution func 
tions include a Poisson distribution and a negative binomial 
distribution. The weight of the negative binomial distribu 
tion is used as a discrete-distribution-function weight to test 
clustering faults. The clustering faults tester 9 determines the 
presence of clustering faults in a wafer according to the test 
conditions. The test conditions include a conditional expres 
Sion, i.e., an inequality concerning the weight of a negative 
binomial distribution. The presence of clustering faults in a 
wafer is determined according to whether or not the weight 
of a negative binomial distribution Satisfies the conditional 
expression. 

0.074 The input unit 4 and output unit 5 are used to 
provide a result of the clustering faults test and discrete 
distribution-function parameters, Store the result in an exter 
nal file, retrieve Stored data, etc. The display 6 is used to 
display the frequency distribution of electrical faults calcu 
lated by the frequency distribution calculator 7 and the 
shapes of the discrete distribution functions provided by the 
discrete-distribution function calculator 8. Although the 
display 6 is separated from the output unit 5, they may be 
integrated into one. The program memory 2 Stores computer 
programs including a clustering faults Searching program 
according to the first embodiment of the present invention. 
The data memory 3 Stores data required to Search for 
clustering faults, Such as the numbers of electric faults 
present in chips entered through the input unit 4 and dis 
crete-distribution-function weights. 
0075. The apparatus according to the first embodiment 
determines whether or not a target wafer involves clustering 
electrical faults. If the wafer is determined to involve 
clustering electrical faults, the first embodiment may indi 
cate a lot that contains the wafer, a manufacturing line that 
produced the wafer, and a factory that manufactured the 
wafer, to Suggest a probability of clustering faults occurring 
in other wafers. Then, the user checks the manufacturing 
processes and lines concerned, to find a cause of the clus 
tering faults and improve wafer processing. 
0.076 The method of searching for clustering faults 
according to the first embodiment will be explained with 
reference to FIGS. 3 and 4. The method is executed with the 
apparatus of FIG. 2. 

0077 (1) Step S101 enters data on the numbers of 
electrical faults present in chips divided from a wafer. Step 
S102 enters test conditions related to a negative-binomial 
distribution weight used to find clustering faults. Steps S101 
and S102 are carried out through the input unit 4. Any one 
of steps S101 and S102 may precedes the other. The data on 
the numbers of electrical faults and test conditions are Stored 
in the data memory 3. 

0078 (2) According to the numbers of electrical faults in 
the chips, step S200 calculates a frequency distribution of 
electrical faults in the chips. FIG. 4A is a graph showing the 
frequency distribution of electrical faults calculated in Step 
S200 and displayed on the display 6. In FIG. 4A, an abscissa 
represents the numbers of electrical faults and an ordinate 
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represents the logarithms of the numbers of chips, to Show 
the numbers of chips at set intervals of the numbers of 
electrical faults. In an area where the numbers of electrical 
faults are relatively Small, there are many chips to form a 
large peak. In an area where the numbers of electrical faults 
are relatively large, the numbers of chips are Small and 
gradually decrease. The area where the numbers of electrical 
faults are Small involves random electrical faults, and the 
area where the numbers of electrical faults are large involves 
clustering faults caused by a specific reason. Namely, FIG. 
4A indicates that the electrical faults are mostly random and 
partly clustering. The reason why the ordinate represents the 
logarithms of the numbers of chips is to emphasize the tail 
area where the numbers of electrical faults are large. 
0079 (3) Step S300 approximates the frequency distri 
bution of electrical faults by overlaying a Poisson distribu 
tion and a negative binomial distribution. The Poisson 
distribution approximates the random electrical faults in the 
wafer, and the negative binomial distribution approximates 
the clustering faults in the wafer. More precisely, the fre 
quency distribution f(n) of electrical faults is approximated 
by overlaying a Poisson distribution P(n,p) and a negative 
binomial distribution NB(n; NB, C) as follows: 

0080 where Wp is a Poisson-distribution weight indicat 
ing the ratio of the Poisson distribution to the frequency 
distribution, and WNB is a negative-binomial-distribution 
weight indicating the ratio of the negative binomial distri 
bution to the frequency distribution. Here, Wp+WNB=1. 
FIG. 4B is a graph showing the frequency distribution of 
electrical faults approximated by overlaying the Poisson 
distribution and negative binomial distribution. The Poisson 
distribution 17 approximates an area of the frequency dis 
tribution where the numbers of electrical faults are relatively 
Small, and the negative binomial distribution 18 approxi 
mates a tail area of the frequency distribution where the 
numbers of electrical faults are relatively large. In this way, 
the frequency distribution f(n) is divided into the Poisson 
distribution P(n; p) and the negative binomial distribution 
NB(n; NB, C). The Poisson distribution approximates the 
random electrical faults in the wafer, and the negative 
binomial distribution approximates the clustering faults 
caused by a specific reason in the wafer. The Poison distri 
bution and negative binomial distribution have, in addition 
to the weights indicating the ratios thereof to the frequency 
distribution, average values (up, NB) of electrical faults 
(imperfect entities), a clustering faults parameter C., and 
other parameters. 

0081 (4) Step S401 determines whether or not there are 
clustering faults in the wafer according to the test conditions. 
If Wp=1 and WNB=0 in the expression (3), f(n)=P(n;p) to 
indicate that all electrical faults are distributed according to 
the Poisson distribution. Namely, all electrical faults are 
randomly present in the wafer without clustering faults. If 
Wp.<1 and WNB>0, there are clustering faults in the ratio of 
the weight WNB of the negative binomial distribution. 
Namely, part of the electrical faults are clustering faults. In 
this case, the degree of clustering corresponds to the weight 
WNB of the negative binomial distribution. 

0082 The test conditions entered in step S102 include a 
threshold negative-binomial-distribution weight WNB(th), 
which is 0.1 (10%) in this embodiment. If WNBC=WNB(th) 
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in step S401, it is determined that there are no clustering 
electrical faults, and if WNB>WNB(th), it is determined that 
there are clustering electrical faults. Instead of WNB(th), a 
threshold Poisson-distribution weight Wp(th) may be 
entered in step S102. In this case, Wp(th)=1-WNB(th)= 
0.9(90%). If Wp-Wp(th) in step S401, it is determined that 
there are no clustering faults, and if Wp<=Wp(th), it is 
determined that there are clustering faults. Alternatively, the 
test conditions may include a threshold Set for the clustering 
faults parameter C. Through the operations mentioned 
above, the target wafer is tested to see if it has clustering 
electrical faults, and a result of the test is provided. 
0.083. The clustering faults searching method according 
to the first embodiment may be expressed as processes or 
procedures that are connected to one another in time Series. 
Namely, the method is expressible as a computer program to 
Specify functions executed by processors, etc., in a computer 
System. The computer program may be Stored in a Storage 
medium to be readby a compute. The program in the Storage 
medium is readby a computer, which executes the clustering 
faults Searching method described in the program. The 
Storage medium may be used as the program memory 2 of 
FIG. 2. The program in the Storage medium may be trans 
ferred into the program memory 2, So that the proceSS 
controller 1 may execute operations according to the pro 
gram. The Storage medium is, for example, a memory, a 
magnetic disk an optical disk or any other medium capable 
of Storing computer programs. 

0084 FIG. 5 shows an example of a computer system 
Serving as a clustering faults Searching apparatus 90 accord 
ing to embodiments of the present invention. The apparatus 
90 reads the computer program describing the clustering 
faults searching method of the first embodiment and 
executes the method. The apparatus 90 includes a floppy 
disk drive 91 and a CD-ROM drive 92. A magnetic floppy 
disk 93 and an optical CD-ROM 94 are inserted into the 
drives 91 and 92, respectively. The disks 93 and 94 store 
computer program including the clustering faults Searching 
program and are read by the apparatus 90, to install the 
programs in the apparatus 90. A drive 97 for handling a 
storage medium such as a ROM 95 serving as, for example, 
a game pack and a magnetic cassette tape 96 that can Store 
the clustering faults Searching program may be connected to 
the apparatus 90. 

0085. In this way, the first embodiment approximates a 
frequency distribution of electrical faults with a Poisson 
distribution and a negative binomial distribution. Namely, 
the first embodiment divides the frequency distribution into 
the Poisson distribution and negative binomial distribution. 
The negative binomial distribution approximates clustering 
electrical faults caused by a specific reason in a target Such 
as a wafer. According to a weight of the negative binomial 
distribution, the first embodiment quantitatively determines 
the presence of clustering electrical faults. 

0.086 Although the first embodiment handles electrical 
faults as imperfect entities, this does not limit the first 
embodiment. The imperfect entities may be electrical faults 
and defects in a layer, flows in a layer, redundant circuits, 
etc. The electrical faults may include bit faults, margin 
faults, wire-to-wire shorts, opens, block faults, etc., that are 
detectable through function tests, margin tests, leak tests, 
etc. The first embodiment may handle all or part of these 
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faults as imperfect entities to be found in a target. The target 
may be made of one or a plurality of layers part or all of 
which may involve imperfect entities. The imperfect entities 
include those detectable by fault detectors and those hardly 
detectable by fault detectors. For example, the imperfect 
entities include those buried in layered films and those 
caused by metal contamination. The imperfect entities may 
be present wholly or partly on or in a target made of one or 
a plurality of layers. The imperfect entities include not only 
electrical faults and defects occurring on Semiconductor 
chips but also those Ocurring on peripheral devices of the 
Semiconductor chip. The peripheral devices include resin 
packages that may involve crack as imperfect entities, 
bonding wires that may involve breaks as imperfect entities, 
and lead frames that may involve open and Short faults as 
imperfect entities. 
0087 Although the first embodiment employs a wafer as 
a Search target this does not limit the firs embodiment. 
According to the firs embodiment, the Search target may be 
a lot, a manufacturing line, or a manufacturing factory. 
Although the first embodiment employs chips as unit cells, 
this does not limit the first embodiment. According to the 
first embodiment, the unit cells may be blocks divided from 
a chip, groups each containing chips, shot areas Serving as 
lithographical operation units, wafers, lots, etc. The size of 
each unit cell must be Smaller than the size of a Search target 
from which the unit cells are divided. If the search target is 
a wafer, the unit cells divided from the search target will be 
groups, chips, blockS, or shot areas. 
0088 As shown in FIGS. 4A and 4B, the first embodi 
ment approximates electrical faults composed of mostly 
random faults and partly clustering faults with a Poisson 
distribution and a negative binomial distribution. If required, 
the first embodiment may employ at least two Poisson 
distributions having different average values and at least two 
negative binomial distributions having different clustering 
faults parameters, to approximate a frequency distribution of 
electrical faults. Employing at least two Poisson distribu 
tions is effective to handle random faults caused by at least 
two reasons, and employing two negative binomial distri 
butions is effective to handle clustering faults caused by at 
least two reasons. Approximating a frequency distribution of 
electrical faults by overlaying two Poisson distributions of 
different average values is as follows: 

0089. The expression (4) is effective to study a relative 
ratio between the causes of random electric faults. To 
employ the expression (4), Step S102 may set a criterion So 
that step S401 may issue an alarm if the weight of a Poisson 
distribution with a larger average increases above the crite 
rion. Approximating a frequency distribution of electrical 
faults by Overlaying two negative binomial distributions 
with different average values w and different clustering faults 
parameters C. is as follows: 

0090 The expression (5) is effective to study a relative 
ratio between clustering faults of Smaller degree and clus 
tering faults of larger degree. Approximating clustering 
faults of Smaller degree is made with a negative binomial 
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distribution of larger clustering faults parameter C, and 
approximating clustering faults of larger degree is made 
with a negative binomial distribution of Smaller clustering 
faults parameter C. Step S102 may set a criterion So that Step 
S401 may issue an alarm if the weight of a negative binomial 
distribution of Smaller clustering faults parameter a 
increases above the criterion. It is also possible to employ at 
least three discrete distribution functions to approximate a 
frequency distribution of electrical faults. For example, two 
Poisson distributions and a negative binomial distribution 
may approximate a frequency distribution of electrical faults 
as follows: 

Second Embodiment 

0.091 A method of and an apparatus for searching for 
clustering faults according to the Second embodiment of the 
present invention will be explained. The second embodi 
ment employs a clustering faults threshold Specifying the 
number of clustering electrical faults and picks up each unit 
cell (chip) whose number of electrical faults is greater than 
the clustering faults threshold. 
0092 FIG. 6 is a block diagram showing the apparatus 
according to the Second embodiment. The apparatus has a 
proceSS controller 10, a program memory 2, a data memory 
3, an input unit 4 to enter data on electrical faults present in 
a wafer, an output unit 5, a display 6 to display distribution 
shapes, and a display 13 to display the locations of clustering 
faults. Compared with the apparatus of FIG. 2, the process 
controller 10 and display 13 are new in the apparatus of FIG. 
6. The input unit 4 enters not only the numbers of electrical 
faults present in chips divided from a wafer but also the 
coordinates of the chips on the wafer. 
0093. The process controller 10 includes functional units 
to Search for clustering faults. The functional units include 
a frequency distribution calculator 7, a discrete-distribution 
function calculator 8, a clustering faults threshold calculator 
11, and a clustering faults Searcher 12. Compared with the 
process controller 1 of FIG. 2, the clustering faults threshold 
calculator 11 and clustering faults Searcher 12 are new in the 
process controller 10. The clustering faults threshold calcu 
lator 11 calculates the number of electrical faults at which 
the components of at least two discrete distribution functions 
are equalized to each other. In this embodiment, the clus 
tering faults threshold calculator 11 calculates the number of 
electrical faults where a Poisson-distribution component and 
a negative-binomial-distribution component are equalized to 
each other. The Poisson-distribution component is the first 
term “WpxP(n; p)” of the right side of the expression (3), 
and the negative-binomial-distribution component is the 
second term “WNBxNB(n:NB, C)” of the right side of the 
equation (3). The number of electrical faults thus calculated 
is used as a clustering faults threshold Serving as a criterion 
to Search for clustering faults. The clustering faults Searcher 
12 Searches for any chip whose number of electrical faults 
is greater than the clustering faults threshold. The display 13 
displays the coordinates of the Searched chips on the wafer. 
Namely, the display 13 displays the locations of the searched 
chips on a wafer map. 
0094. The clustering faults searching method according 
to the Second embodiment executed by the apparatus of 
FIG. 6 will be explained with reference to FIGS. 7 and 8. 

May 5, 2005 

0.095 (1) Step S103 enters data on the numbers of 
electrical faults present in chips divided from a wafer and the 
coordinates of the chips on the wafer. To enter the data, Step 
S103 employs the input unit 4. The numbers of electrical 
faults and the chip coordinates are linked to each other and 
are Stored in the data memory 3. 
0096 (2) According to the numbers of electrical faults in 
the chips, step S200 calculates a frequency distribution of 
the electrical faults in the chips as shown in FIGS. 4A and 
8A. In the example of FIG. 8A, the electrical faults are 
mostly random faults and partly clustering faults. 
0097 (3) Step S300 approximates the frequency distri 
bution of electrical faults by overlaying a Poisson distribu 
tion and a negative binomial distribution. More precisely, 
the frequency distribution f(n) of electrical faults is approxi 
mated by overlaying a Poisson distribution P(n; p) and a 
negative binomial distribution NB(n; NB, C) according to 
the expression (3). According to the Second embodiment, the 
Poisson distribution 17 approximates an area of the fre 
quency distribution where the numbers of electrical faults 
are relatively Small, and the negative binomial distribution 
18 approximates a tail area of the frequency distribution 
where the numbers of electrical faults are relatively large as 
shown in FIGS. 4B and 8B. Consequently, the frequency 
distribution f(n) of electrical faults is divided into the 
Poisson distribution P(n; p) and the negative binomial dis 
tribution NB(n; NB, C). 
0.098 (4) Step S402 calculates a clustering faults thresh 
old with representing the number of electrical faults where the 
Poisson distribution component and negative-binomial-dis 
tribution component are equalized to each other. The reason 
why the number of electrical faults where the Poisson 
distribution component and negative-binomial-distribution 
component are equalized to each other functions as a clus 
tering faults threshold will be explained. In an area where 
the number “n” of electrical faults is greater than an average 
value p of a Poisson distribution P(n; p), probabilities based 
on the Poisson distribution P(n;up) rapidly approach Zero as 
the number “n” of electrical faults increases from the aver 
age value Wp. On the other hand, a negative binomial 
distribution NB(n; NB, C) slowly approaches zero and trails 
compared with the Poisson distribution P(n;p), if the clus 
tering faults parameter C. is properly small. In FIG. 8C, the 
trailing part of the negative binomial distribution 
NB(n; NB, C) corresponds to a clustering faults area 19. 
Accordingly, the number of electrical faults where the 
Poisson-distribution component of the first term of the right 
Side of the expression (3) and the negative-binomial-distri 
bution component of the Second term of the right Side of the 
expression (3) are equalized to each other is calculated as 
follows: 

0099] The number “n” satisfying the expression (7) is 
used as the clustering faults threshold with to determine 
whether or not there are clustering faults. The number n (an 
integer) of electrical faults strictly satisfying the expression 
(7) is not always found. In this case, the number of electrical 
faults closest to the value Satisfying the expression (7) is 
used as the clustering faults threshold with. The clustering 
faults threshold with may have a margin with respect to the 
value Satisfying the expression (7). For example, the clus 
tering faults threshold with may be in the range of 0.5 times 
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to 2 times the value Satisfying the expression (7). The 
clustering faults threshold with varies depending on waferS or 
lots that have different frequency distributions of faults. If 
this is inconvenient, a fixed clustering faults threshold may 
be employed. Employing the fixed clustering faults thresh 
old enables the user to compare the locations of clustering 
faults among lots or wafers. Based on the clustering faults 
threshold with set in step S402, step S403 picks up chips 
involving electrical faults greater than the clustering faults 
threshold with. 

0100. There may be a plurality of values that satisfy the 
expression (7). For example, the graph of FIG. 8B satisfies 
the expression (7) at n=wth and at nearly Zero. In this case, 
the clustering faults threshold with is determined according to 
the sizes of WpxP(n;p) and WNBxNB(n:NB, C). In an 
area where the numbers of electrical faults are Smaller than 
the value Satisfying the expression (7), the Poisson-distri 
bution component “WpxP(n;up) is greater than the nega 
tive-binomial-distribution component “WNBxNB(n;NB, 
O).” In an area where the numbers of electrical faults are 
greater than the value Satisfying the expression (7), the 
negative-binomial-distribution component is greater than 
the Poisson-distribution component. If there are a plurality 
of values that Satisfy the expression (7), the clustering faults 
threshold with is determined to satisfy the following expres 
sions (8) and (9) in addition to the expression (7): 

0103 (5) Step S403 picks up chips that are present in the 
clustering faults area 19 where each chip involves clustering 
faults greater than the clustering faults threshold with. The 
coordinates of the picked-up chips are displayed on the 
display 13. Instead, the locations of the chips 21 correspond 
ing to the clustering faults locations 23 on the wafer 20 are 
displayed as shown in FIG. 8D. If the clustering faults 
locations 23 are present at the periphery of the wafer 20, it 
is Suggested that equipment corresponding to the periphery 
of the wafer 20 has caused the clustering faults. Then, the 
user insets the equipment to find the cause of the clustering 
faults. If the electrical faults entered in step S103 are sorted 
layer by layer, the cause of the clustering faults will be 
detectable more precisely. 
0104. The clustering faults searching method of the sec 
ond embodiment is describable as a computer program that 
Specifies the functions of processors etc., in a computer 
System, to make the computer System execute the method. 
This computer program may be Stored in a Storage medium 
to be read by a computer. The Storage medium is employable 
as the program memory 2 of FIG. 6. The program in the 
Storage medium may be transferred into the program 
memory 2, So that the process controller 10 may execute 
operations according to the program. The clustering faults 
searching apparatus 90 of FIG. 5 consisting of a computer 
System may be employed to read the computer program 
Stored in the Storage medium and achieve the clustering 
faults Searching method of the Second embodiment accord 
ing to procedures described in the program. 
0105 The second embodiment enters the numbers of 
electrical faults present in chips divided from a wafer and the 
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coordinates of the chips on the wafer and Searches the wafer 
for the locations of clustering electrical faults. The Second 
embodiment displays the Searched locations of clustering 
electrical faults, So that the user may clarify the cause of the 
clustering electrical faults. 
0106 Like the first embodiment, the second embodiment 
may approximate a frequency distribution of electrical faults 
not only by overlaying a Poisson distribution and a negative 
binomial distribution but also by overlaying at least two 
Poisson distributions and at least two negative binomial 
distributions. In the latter case, the Second embodiment may 
display, on a wafer map, a location where the weight of any 
one of the discrete distribution functions increases, So that 
the user may identify the cause of clustering faults. 
0107 Although the second embodiment employs a wafer 
as a Search target and chips divided from the wafer as unit 
cells, this does not limit the Second embodiment. According 
to the Second embodiment, the Search target may be a lot, a 
manufacturing line, and a manufacturing factory, and the 
unit cells may be blockS divided from a chip, groups each 
containing chips, shot areas Serving as lithographical opera 
tion units, wafers, lots, etc. FIG. 9 is a wafer map showing 
shot areas Serving as unit cells and involving clustering 
faults. This wafer map is displayed on the display 13. On the 
wafer map, white shot areas 24 involve no clustering elec 
trical faults, and hatched shot areas 25 involve clustering 
electrical faults exceeding a clustering faults threshold. The 
wafer map indicates that the clustering faults are occurring 
at the periphery of the wafer. Inspecting the wafer map, the 
user may understand that the cause of the clustering faults 
may preside at the periphery of a lens of a lithography 
System, and then, may try to remove the cause. The first and 
Second embodiments may be combined together to deter 
mine the presence of clustering faults and display the 
locations of clustering faults. 

Third Embodiment 

0108. The first and second embodiments prepare, in 
advance, data on the numbers of electrical faults in chips and 
the coordinates of the chips on a wafer. These data pieces are 
necessary to calculate a frequency distribution of the elec 
trical faults. The electrical faults are usually detected by a 
tester, a fault detector, an EMS, etc. The raw data from the 
detecting device indicates the nature and location of each 
electrical fault and must be converted into data usable to 
calculate a frequency distribution of the electrical faults. 
This data conversion is useful for the embodiments of the 
present invention because it simplifies the handling of the 
data and compresses the data. 
0109 The third embodiment of the present invention 
provides a method of and an apparatus for Searching for 
clustering faults, provided with a faults data converting 
function. Like the first embodiment, the third embodiment 
employs a wafer as a Search target in which clustering faults, 
in particular, electrical faults are Searched for. 
0110 FIG. 10 is a block diagram showing an exemplary 
Structure of the clustering faults Searching apparatus accord 
ing to the third embodiment. The apparatus has a process 
controller 14, a program memory 2, a data memory 3, an 
input unit 4, an output unit 5, a display 6, and an electrical 
fault detector 16. Compared with the apparatus of FIG. 2, 
the process controller 14 and electrical fault detector 16 are 
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new in the apparatus of FIG. 10. The input unit 4 enters a 
clustering faults criterion or threshold. Unlike the first and 
Second embodiments, the input unit 4 does not enter the 
numbers of electrical faults present in chips divided from a 
wafer, or the coordinates of the chips on the wafer. 
0111. The electrical fault detector 16 employs an electri 
cal or optical technique to detect electrical faults present in 
a wafer and provides the coordinates of the detected elec 
trical faults on the wafer. The detector 16 is, for example, a 
tester, an electron beam (EB) tester, an emission microscope 
(EMS), or an electron microscope. The process controller 14 
includes functional units to Search for clustering faults. The 
functional units include a data converter 15, a frequency 
distribution calculator 7, a discrete-distribution function 
calculator 8, and a clustering faults tester 9. Compared with 
the process controller 1 of FIG. 2, the data converter 15 is 
new in the process controller 14. The data converter 15 
converts the coordinates of electrical faults provided by the 
detector 15 into the numbers of electrical faults in the chips. 
According to the converted numbers of electrical faults, the 
frequency distribution calculator 7 calculates a frequency 
distribution of the electrical faults. 

0112 Like the first embodiment, the third embodiment 
determines the presence of clustering electrical faults on a 
wafer. If the wafer is determined to involve clustering faults, 
the user will understand that the lot or manufacturing line 
that provided the wafer, or other lots in the manufacturing 
factory that provided the wafer may have the cause of the 
clustering electrical faults. Then, the user inspects the manu 
facturing line and factory for the cause of the clustering 
faults and remove the cause. 

0113. The clustering faults searching method according 
to the third embodiment will be explained with reference to 
FIG. 11, which partly shows the method. This method is 
executed by the apparatus of FIG. 10. 

0114 (1) In step S104, the detector 16 detects elec 
trical faults on a wafer and provides the coordinates 
of the detected electrical faults on the wafer. 

0115 (2) Step S105 stores the coordinates from the 
detector 16 in the data memory 3. 

0116 (3) Step S106 divides the wafer into chips. 
0117 (4) Step S107 reads the coordinates of the 
electrical faults from the data memory 3 and employs 
the data converter 15 to convert the read data into the 
numbers of electrical faults in the chips. The con 
verted data are directly transferred to the frequency 
distribution calculator 7 or are temporarily stored in 
the data memory 3. Then, step S200 of FIG. 3 is 
carried out. 

0118 (5) Separately from steps S104 to S107, step 
S102 enters a clustering faults criterion or threshold 
through the input unit 4. 

0119 (6) Step S200 of FIG. 3 uses the converted 
data directly transferred to the frequency distribution 
calculator 7 or temporarily Stored in the data memory 
3, to calculate a frequency distribution of the elec 
trical faults in the chips. 

0120 (7) According to the flowchart of FIG. 3, 
clustering faults are found and displayed. 
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0121. Like the first and second embodiments, the clus 
tering faults Searching method of the third embodiment is 
describable as a computer program. The computer program 
may be stored in a computer readable Storage medium. The 
clustering faults searching apparatus 90 of FIG. 5 consisting 
of a computer System may be employed to read the computer 
program Stored in the Storage medium and achieve the 
clustering faults Searching method of the third embodiment 
according to procedures described in the program. The 
computer System of the apparatuS 90 is directly connected to 
the electrical fault detector 16. The detector 16 has the 
functions of, for example, observing a wafer, detecting 
electrical faults in the wafer, and transmitting/receiving the 
coordinates of the detected electrical faults. These functions 
of the detector 16 are controlled by the computer system. 
0.122 The third embodiment of the present invention 
employs the coordinates of electrical faults detected by the 
detector 16, to count the numbers of the electrical faults in 
individual chips, thereby converting the coordinates into the 
numbers of faults. With this technique, the third embodiment 
avoids the direct handling of the coordinates of faults and 
compresses data to handle. According to the converted 
numbers of faults, the third embodiment prepares a fre 
quency distribution of the faults in individual chips and 
quantitatively determines the presence of clustering faults, 
like the first embodiment. 

0123 The computer system including the electrical fault 
detector 16 of FIG. 5 may be arranged in a semiconductor 
device manufacturing line, to always inspect electrical faults 
on Semiconductor wafers, quantitatively find clustering 
faults in the wafers, and allow the user to take quick actions 
against the clustering faults. 
0.124. Although the third embodiment determines the 
presence of clustering faults in a wafer like the fast embodi 
ment, the third embodiment is also applicable to determine 
the locations of clustering faults like the Second embodiment 
of FIGS. 6 and 7. In this case, the process controller 10 of 
FIG. 6 is connected to the electrical fault detector 16 and 
incorporates the data converter 15. In addition, the numbers 
of electrical faults and the coordinates of chips provided by 
step S103 of FIG. 7 of the second embodiment are calcu 
lated in steps S104 to S107 of FIG. 11 of the third embodi 
ment. 

0.125. Although the third embodiment employs a wafer as 
a Search target and chips divided from the wafer as unit cells, 
this does not limit the present invention. According to the 
present intention, the Search target may be a lot, a manu 
facturing line, and a manufacturing factory, and the unit cells 
may be blockS divided from a chip, groups each containing 
chips, shot areas Serving as lithographical operation units, 
waferS lots, etc. When inspecting a manufacturing line, the 
Search target is preferably a lot, as will be explained in the 
fifth embodiment. Although the imperfect entities are elec 
trical faults in the third embodiment, they may be crystal 
defects, redundant circuits replaced with electrical faults, 
etc. If the imperfect entities are crystal defects, the electrical 
fault detector 16 of FIG. 10 will be replaced with a defect 
observer. 

Fourth Embodiment 

0.126 The fourth embodiment of the present invention 
applies the clustering faults Searching method of the 
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embodiments to a method of optimizing redundant circuits. 
The redundant circuits are used to repair electrical faults 
present in a wafer, although whether or not an electrical fault 
is relievable is dependent on the nature of the electrical fault. 
If all electrical faults in a chip are repaired, the chip will be 
accepted as a final product, to improve the yield of Semi 
conductor devices. The redundant circuits, however, need 
Some Space in a chip, and therefore, increase the area of the 
chip. Unreasonably increasing the redundant circuits will 
uselessly increase chip areas, to reduce the number of chips 
producible from a wafer. It is necessary, therefore, to Set a 
proper number of redundant circuits, to optimize yield after 
repair. 

0127. The numbers of redundant circuits are counted 
based on calculation units, and a frequency distribution of 
the redundant circuits is prepared in the calculation units. 
The “calculation unit' is preferable to be a minimum repair 
unit. The “minimum repair unit is a range (the degree of 
freedom) to be repaired by a redundant circuit. For example, 
if a 16-megabit device has a row or column redundant circuit 
for every 4-megabits and if each redundant circuit is appli 
cable only for the 4-megabit range, the minimum repair unit 
is the 4-megabit range. The calculation unit is not always, 
the minimum repair unit. In this case, the minimum repair 
unit is Scaled to the calculation unit, to execute the embodi 
ments of the present invention. In the following explanation, 
the calculation unit is a chip. Namely, the fourth embodi 
ment handles a redundant circuit as an imperfect entity, a 
wafer as a search target, and a chip as a unit cell or the 
calculation unit. The fourth embodiment will be explained 
with reference to FIGS. 12 and 13A to 13D. 

0128 (1) Step S31 calculates the number of redundant 
circuits necessary for relieving electrical faults present in a 
chip divided from a wafer. More precisely, steps S104 to 
S107 of FIG. 11 obtain the numbers of electrical faults. 
According to the obtained numbers, the numbers of redun 
dant circuits required for individual chips are calculated and 
are entered through an input unit. 

0129 (2) Step S32 calculates a frequency distribution of 
the redundant circuits of the individual chips. FIG. 13A is 
a graph showing an example of the frequency distribution of 
redundant circuits calculated in Step S32. On the graph, an 
abscissa represent the numbers of redundant circuits and an 
ordinate represents the logarithms of the numbers of chips. 

0130 (3) Step S33 examines a relationship between the 
number of acceptable chips and the total number of chips 
producible from a wafer. As the number of redundant 
circuits increases, the number of acceptable chips increases 
and the total number of chips producible from a wafer 
decreases. Then, step S33 calculates the number of redun 
dant circuits that maximizes the number of acceptable chips 
producible from a wafer. First, step S33 calculates a yield 
after repair with respect to a given number of redundant 
circuits. In FIG. 13A, the number of redundant circuits is set 
at an arrow mark. Any chip whose number of redundant 
circuits is greater than the Set number of redundant circuits 
is an unacceptable chip, and any chip whose number of 
redundant circuits is equal to or Smaller than the Set number 
of redundant circuits is an acceptable chip. Increasing the 
number of redundant circuits, i.e., shifting the arrow mark in 
FIG. 13A toward the right increases the number of accept 
able chips and decreases the number of unacceptable chips. 
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FIG. 13B is a graph showing a yield after repair with respect 
to the number of redundant circuits. The "yield after repair” 
is the ratio of acceptable chips to total chips produced from 
a wafer after replacing electrical faults with the redundant 
circuits. In FIG. 13B, the yield after repair increases toward 
100% according to an increase in the number of redundant 
circuits. However, an area in each chip required by the 
redundant circuits also increases as the number of redundant 
circuits increases, as shown in FIG. 13C. This results in 
reducing the total number of chips producible from a wafer 
whose area is fixed. In consideration of the yield after repair 
and the total number of chips producible from a wafer, the 
maximum number "nimax’ of redundant circuits that maxi 
mizes the number of acceptable chips from a wafer is 
calculated as shown in FIG. 13D. 

0131 (4) Step S34 provides the yield after repair. 
0.132. In this way, the fourth embodiment calculates a 
frequency distribution of redundant circuits necessary for 
relieving all electrical faults in individual chips divided from 
a wafer and calculates the maximum number "nimax of 
redundant circuits that maximizes the number of acceptable 
chips producible from the wafer, thereby optimizing a yield 
after repair. 
0.133 Although the fourth embodiment directly employs 
a frequency distribution of redundant circuits to determine 
an optimum number of redundant circuits, this does not limit 
the fourth embodiment. Like the first to third embodiments, 
the fourth embodiment may approximate a frequency dis 
tribution of redundant circuits by overlaying at least two 
discrete distribution functions. With these techniques, the 
fourth embodiment may calculate a frequency distribution of 
redundant circuits to estimate an improvement to be made in 
a manufacturing line, or a frequency distribution of redun 
dant circuits in next-generation shrunk devices. 

Fifth Embodiment 

0.134. A method of managing semiconductor device 
manufacturing processes according to the fifth embodiment 
of the present invention will be explained with reference to 
FIG. 14. The fifth embodiment applies the clustering faults 
Searching method of the embodiments to Semiconductor 
device testing processes in Semiconductor device manufac 
turing. According to the fifth embodiment, a Search target is 
a plurality of lots in which clustering faults are Searched for. 
0135 (1) Step S41 picks up one of the lots. 
0136 (2) Step S42 enters data on the numbers of elec 
trical faults present in chips contained in the picked-up lot. 
0137 (3) Step S43 calculates a frequency distribution of 
the electrical faults in the individual chips. 
0138 (4) Step S44 approximates the frequency distribu 
tion of electrical faults by overlaying a Poisson distribution 
and a negative binomial distribution according to the expres 
sion (3), and calculates a weight WNB of the negative 
binomial distribution. 

0139 (5) Step S45 checks to see if all of the lots have 
been picked up. If step S45 is NO to indicate there is a lot 
to be picked up, Step S41 picks up the lot and Steps S42 to 
S44 find a negative-binomial-distribution weight WNB. If 
step S45 is YES to indicate that all lots have been picked up, 
step S46 is carried out. 
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0140 (6) Step S46 displays a graph of the negative 
binomial-distribution weights WNBs of the lots. FIG. 15 is 
an example of Such a graph. The graph clearly shows 
abnormal lots 26 involving clustering faults. If this graph 
descends toward the right, it indicates that the cause of the 
clustering faults is being removed from manufacturing pro 
ceSSes and that production environments are being 
improved. If the graph ascends toward the right, it indicates 
that production environments are worsening. Namely, the 
graph Visualizes the level of production environments. The 
threshold negative-binomial-distribution weight WNB(th) 
mentioned in the first embodiment may be plotted on the 
graph of FIG. 15, to visually find lots involving clustering 
faults. 

0.141. In this way, the fifth embodiment approximates a 
frequency distribution of electrical faults in each lot by 
overlaying a Poisson distribution and a negative binomial 
distribution, finds the weights WNBs of the negative bino 
mial distributions of the lots, and provides a graph of the 
weights WNBs. The graph helps understand lots the involve 
clustering faults, the levels of the clustering faults, the 
tendency of the clustering faults, etc. Accordingly, the fifth 
embodiment is applicable to various testing processes in 
Semiconductor manufacturing, to correctly manage and 
improve Semiconductor device manufacturing processes. 
0142 Instead of the negative-binomial-distribution 
weights WNBs, the fifth embodiment may form a graph of 
other parameters related to discrete distribution functions, 
Such as distribution function averages (up, WNB) and clus 
tering faults parameter C. For example, a graph of Poisson 
distribution averages up tells the trend of random electrical 
faults. This trend is useful to manage dust in a clean room, 
Study a clean level in a clean room, and determine the timing 
of filter replacement in a dean room. A graph of clustering 
faults parameter C. tells the trend of clustering fault. This 
trend is useful to detect lots involving clustering faults of 
large degree and grasp the trend of clustering faults. 

Sixth Embodiment 

0143. The sixth embodiment of the present invention 
relates to a method of managing a clean room based on the 
method of managing Semiconductor device manufacturing 
processes of the fifth embodiment, and a method of manu 
facturing Semiconductor devices involving clustering faults 
testing processes. The Sixth embodiment will be explained in 
connection with mixed DRAMs with reference to FIGS. 16 
to 18 in which FIGS. 16 and 17 are flowcharts showing the 
Semiconductor device manufacturing method. 
0144. The semiconductor device manufacturing method 
of the sixth embodiment is largely classified into wafer 
manufacturing, wafer processing (upstream processes), 
assembling (downstream processes), and testing. Based on 
this classification, the method of the sixth embodiment will 
be explained. 
0145 (1) The wafer manufacturing will be explained. 
Step S51 is a monocrystal growing process that employs a 
CZ method or an FZ method to grow a semiconductor 
monocrystal ingot Step S52 is a Slicing process that Slices 
the Semiconductor monocrystal ingot into Semiconductor 
wafers. Step S53 is a polishing process that flatly polishes 
the surfaces of the wafers. Step S54 is a defects finding 
process that employs a defect detector to find crystal defects 
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on the wafers. In addition, step S54 employs any one of the 
clustering faults Searching methods of the embodiments, to 
Search for clustering crystal defects. Results provided by 
step S54 are fed back to steps S51 to S53, to improve the 
processes. Through these pros, Semiconductor wafers are 
manufactured 

0146 (2) The wafer processing (upstream processes) will 
be explained. Step S55 is a trench capacitor forming proceSS 
that Selectively etches each Semiconductor Substrate, i.e., 
wafer to form trenches for trench capacitors of DRAM 
memory cells. Step S56 is a defects finding process that 
employs a crystal defect detector to detect crystal defects in 
the trenches. In addition, step S56 employs any one of the 
clustering faults Searching methods of the embodiments, to 
Search for clustering crystal defects. Results provided by 
step S56 are fed back to step S55, to improve the trench 
capacitor forming process. 
0147 Step S57 is an element separating process that 
Selectively heat-oxidizes element Separation regions of each 
semiconductor Substrate, to form a LOCOS oxide film. Step 
S58 is a well forming process that selectively diffuses n- and 
p-type impurities to each Semiconductor Substrate, to form 
n- and Swell regions of p- and n-channel transistors. Step 
S59 is a channel forming process that forms channel regions 
of the p- and n-channel transistors. Step S60 is a defects 
finding process that employs a defect detector to detect 
crystal defects in the channels and defects in a gate insulat 
ing film. In addition, step S60 employs any one of the 
clustering faults searching methods of the embodiments, to 
find clustering crystal defects and clustering gate insulation 
film defects. Results from step S60 are fed back to the 
channel forming process of Step S59, to improve the process. 
0.148 Step S61 is a transistor forming process that forms 
gate electrodes on the channels and Source and drain regions 
with respect to the gate electrodes in a Self-aligning manner. 
Step S62 is a faults finding process that finds defects and 
electrical faults on the transistors, Such as crystal defects on 
the transistors, Shape abnormalities of the gate electrodes, 
and diffusion abnormalities of the Source and drain regions. 
In addition, Step S62 employs any one of the clustering 
faults Searching methods of the embodiments, to find clus 
tering defects and electrical faults on the transistors. Results 
from step S62 are fed back to step S61, to improve the 
transistor forming process. 
0149 Step S63 is a PMD (pre-metal dielectric) forming 
process that deposits an insulating film on each Semicon 
ductor Substrate. Step S64 is a contact forming process that 
Selectively removes the insulating film on the Source and 
drain regions and gate electrodes and forms contact holes. 
Step S65 is an M1 (metal-1) forming process that deposits 
a metal layer Such as an aluminum layer on the insulating 
film and in the contact holes, patterns the metal film, and 
forms a first wiring layer connected to the electrode regions 
of the transistors. Step S66 is a faults finding process that 
checks the first wiring layer for defects and electrical faults 
including opens, shorts, shape abnormalities, and Scratches. 
In addition, Step S66 employs any one of the clustering 
faults Searching methods of the embodiments, to find clus 
tering defects and electrical faults in the first wiring layer. 
Results from step S66 are fed back to step S65, to improve 
the M1 forming process. 
0150 Referring to FIG. 17, step S67 is an ILD1 (inter 
layer dielectric-1) forming process that evenly forms a first 
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interlayer insulating film on the first wiring layer. Step S68 
is an M2 (metal-2) forming process that forms a second 
wiring layer like the first wiring layer. Step S69 is a faults 
finding process that checks the Second wiring layer for 
defects and electrical faults including opens, shorts, shape 
abnormalities, and Scratches. In addition, Step S69 employs 
any one of the clustering faults Searching methods of the 
embodiments, to find clustering defects and electrical faults 
in the second wiring layer. Results from step S69 are fed 
back to step S68, to improve the M2 forming process. 

0151 Step S70 is an ILD2 (interlayer dielectric-2) form 
ing process that evenly forms a Second interlayer insulating 
film like the first interlayer insulating film. Step S71 is an 
M3 (metal-3) forming process that forms a third wiring layer 
like the first wiring layer. Step S72 is a faults finding process 
that checks the third wiring layer for flows and electrical 
faults including opens, Shorts, shape abnormalities, and 
Scratches. In addition, Step S72 employs any one of the 
clustering faults Searching methods of the embodiments, to 
find clustering defects and electrical faults in the third wiring 
layer. Results from step S72 are fed back to step S71, to 
improve the M3 forming pro Step S73 is an ILD3 (interlayer 
dielectric-3) forming process that evenly forms a third 
interlayer insulating film like the first interlayer insulating 
film. Step S74 is a passivation forming process that deposits 
a protective film Such as a Silicon nitride film. 
0152 Step S75 is a testing process that sets probes on 
electrode pads of Semiconductor chips on each Wafer, to 
carry out a function test and detect electrical faults in the 
semiconductor chips. Step S75 employs any one of the 
clustering faults Searching methods of the embodiments, to 
find clustering electrical faults in the Semiconductor chips. A 
result of the clustering faults finding is fed back to steps S55, 
S59, S61, S65, S68, S71, etc., to improve the processes 
concerned. Step S76 is a dicing process that cuts Semicon 
ductor chips from each wafer. This completes the production 
of Semiconductor chips. 

0153 (3) The assembling (downstream processes) will be 
explained. Step S77 is a bonding process that sets each 
Semiconductor chip on a base board Such as a lead frame and 
electrically connects them together with very fine wires. 
Step S78 is a Sealing process that covers each Semiconductor 
chip with resin to insulate the chip from external environ 
ments and protect the chip from mechanical and environ 
mental stress. Step S79 is a finishing process that finishes the 
periphery of each chip by, for example, removing resin 
burrS. Step S80 is a marling process that prints, for example, 
a product number and manufacturer name on the periphery 
of the chip. 

0154 (4) The testing will be explained. Step S81 is a 
product testing process that carries out a function test on 
each Semiconductor device product and find electrical faults 
in the product. In addition, step S81 employs any one of the 
clustering faults Searching methods of the embodiments, to 
find clustering electrical faults. Results from step S81 are fed 
back to steps S77 to 80 in the assembling and steps S55, S59, 
S61, S65, S68, S71, etc. in the wafer processing, to improve 
the proves concerned. Step S82 is a reliability testing 
process that applies thermal or electrical StreSS to each 
Semiconductor device product to carry out reliability tests 
including an accelerated life test. The reliability tests accel 
erate faulty mechanisms contained in the Semiconductor 
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devices, to Surface defects and electrical faults that are 
undetectable in the tests during manufacturing. Any one of 
the clustering faults Searching methods of the embodiments 
is employed to Search the Surfaced faults for clustering faults 
in each Semiconductor device product. A result of the 
clustering faults search is fed back to steps S77 to 80 in the 
assembling and steps S55, S59, S61, S65, S68, S71, etc., in 
the wafer processing, to improve the processes concerned. 
Through these processes, the Sixth embodiment manufac 
tures reliable Semiconductor devices. 

0155 The M1 forming process of step S65 will be 
explained in detail with reference to FIG. 18. Step S65 
includes four processes in FIG. 18. Step S65.1 is a film 
forming process that evenly deposits a metal film by, for 
example, Spattering Step S65.2 is a resist patterning process 
that uniformly forms (coats) a resist film with a spinner, 
exposes the resist film to light through a mask, develops the 
resist film with a developing liquid, and forms a resist 
pattern having the same shape as the first wiring layer. Step 
S65.3 is an RIE process that uses the resist pattern as a mask 
and selectively removes the metal film by RIE Step S65.4 is 
a resist removing process that removes the resist pattern. 
0156 After these four processes, step S66 carries out the 
faults finding process on the metal 1 (M1). Clustering faults, 
if found in step S66, are fed back to the four processes of the 
M1 forming process, to improve the processes. If there are 
many wiring open faults, it is presumed that the cause of the 
faults will be dust on a wafer present before the M1 forming 
process. If there are many wring short faults at the same 
location in each shot, it is presumed that the cause of the 
faults will be an abnormal shape of the mask used in the 
resist patterning process. Although the details of test result 
feedback have been explained based on the M1 forming 
process in FIG. 18, the other manufacturing processes of 
FIGS. 16 and 17 also involve subsidiary processes to which 
test results are fed back. 

O157. In this way, the sixth embodiment carries out 
various tests during manufacturing to find defects and elec 
trical faults and Searches the found defects and electrical 
faults for clustering faults. The sixth embodiment is capable 
of finding clustering defects and electrical faults in early 
Stages in manufacturing and identifying processes that cause 
the clustering faults. The sixth embodiment is effective to 
improve Semiconductor device manufacturing processes and 
raise yield. 
0158 Although the sixth embodiment carries out the 
clustering faults Searching method of the embodiments in 
major testing/inspecting processes in Semiconductor device 
manufacturing, it is not always necessary to achieve the 
clustering faults Searching method in every testing/inspect 
ing process in Semiconductor device manufacturing. The 
clustering faults Searching method may be carried out in 
testing/inspecting processes Selected by the user, to properly 
achieve the effect of the sixth embodiment. For example, the 
clustering faults Searching method may take place only in 
testing/inspecting processes in a clean room, to properly 
manage the clean room and improve processes achieved in 
the dean room. 

Seventh Embodiment 

0159 Recent fine processing technologies involve com 
plicated element Structures and multiple wiring layers that 
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need many processes and equipment to make. Increased 
numbers of processes and equipment increase a probability 
of imperfect entities (electrical faults, defects, redundant 
circuits, etc.) to decrease yield. It is difficult to identify a 
proceSS or equipment that is the cause of the imperfect 
entities. An important matter is how to improve the produc 
tivity of manufacturing lines in a Semiconductor device 
factory. More important is how to produce acceptable wafers 
and chips as many as possible. If equipment in a given 
proceSS has a problem, wafers processed by the equipment 
in the process will involve many faults to drop yield. Wafers 
not processed by the equipment in the proceSS will Show 
high yield. It is important to identify the proceSS and 
equipment that drop yield and correct them. 
0160 The seventh embodiment of the present invention 
provides a method and an apparatus that use the negative 
binomial-distribution weight WNB of the expression (3) to 
efficiently identify any problematic proceSS or equipment 
that drops yield. 
0161 FIGS. 19 and 20 are flowcharts showing the 
method of identifying problematic processes and equipment 
according to the seventh embodiment. The flowchart of 
FIG. 19 continues to FIG. 20, to complete the flow of the 
method. FIGS. 19 and 20 show only the basics of the 
method of identifying problematic processes and equipment 
according to negative-binomial-distribution weights WNBs. 
The method of calculating the weight WNB of a negative 
binomial distribution explained with reference to FIGS. 1 
and 14 is not shown in FIGS. 19 and 20. According to the 
Seventh embodiment electrical faults Serve as imperfect 
entities, a lot as a Search target, and chips as unit cells. In this 
embodiment, there are a plurality of Search targets, i.e., lots. 
0162 (1) Like the fifth embodiment of FIG. 14, the 
weight WNB of a negative binomial distribution is calcu 
lated for each lot. Namely, step S41 of FIG. 14 picks up one 
of the lots, step S42 finds the numbers of electrical faults 
present in chips in the lot, and Step S43 calculates a 
frequency distribution of the electrical faults. Step S44 
approximates the frequency distribution by Overlaying a 
Poisson distribution and a negative binomial distribution 
and calculates a weight WNB of the negative binomial 
distribution according to the expression (3). Step S45 
repeats steps S41 to S44, and step S46 obtains the weights 
WNBs of the negative binomial distributions of all lots. 
0163) (2) Referring to FIG. 19, step S91 enters a list 27 
of the weights WNBs of the negative binomial distributions 
of all lots and an equipment history 28 of each lot. The lots 
on the list 27 are search targets and may be all lots from all 
processes and equipment including possible problematic 
processes and equipment, or may be Sampled lots. Accord 
ing to the embodiment, the list 27 includes “N” lots, i.e., “N” 
weights WNBs. 
0164. The equipment history 28 of a given lot shows 
equipment used to process the lot. For example, a lot m (the 
“m'th lot) was processed by equipment 1a in process 1, by 
equipment 2b in process 2, by equipment 3a in process 3, 
and the like. Step S91 enters such history for each of the lots 
1 to N Serving as the Search targets. The equipment history 
28 includes all related equipment for each process. For 
example, the equipment history 28 of the lot mindicates that 
chips in the lot m are processed not only by equipment 1 a 
but also by equipment 1b in the process 1, not only by 
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equipment 2b but also by equipment 2a in the proceSS2, not 
only by the equipment 3a but also by equipment 3b or 3c, 
and the like. The equipment history 28 may be standard 
process flow data that shows relationships between lots and 
processes and equipment that process the lots. 
0.165 (3) Step S92 uses the list 27 and equipment history 
28 and calculates a frequency distribution of the negative 
binomial-distribution weights WNBS for each process and 
for each equipment piece. A graph 29a in Step S92 Shows a 
frequency distribution of the weights WNBs of the lots 
processed by the equipment 1a in the proceSS 1, and a 
frequency distribution of the weights WNBs of the lots 
processed by the equipment 1b in the process 1. Agraph 29b 
in step S92 shows a frequency distribution of the weights 
WNBs of the lots processed by the equipment 2a in the 
process 2, and a frequency distribution of the weights WNBs 
of the lots processed by the equipment 2b in the proceSS 2. 
In each graph, an abscissa represents the WNBS and an 
ordinate represents the numbers (frequencies) of lots. 
0166 The calculation of a frequency distribution of 
weights WNBS for each equipment piece will be explained 
in connection with the process 1. According to the equip 
ment history 28, target lots are classified into ones processed 
by the equipment 1a and ones processed by the equipment 
1b. According to the weight list 27, a frequency distribution 
of the weights WNBs of the lots processed by the equipment 
1a is plotted on the graph 29.a. Similarly, a frequency 
distribution of the weights WNBs of the lots processed by 
the equipment 1b is plotted on the graph 29a. The same 
operations are carried out for the proceSS 2 and the other 
processes, to classify lots into equipment groups and plot 
frequency distributions of the weights WNBs on graphs. 
0167. In FIG. 19, the graphs 29a and 29b show a small 
difference between the weight frequency distributions of the 
equipment 1a and 1b and a large difference between the 
weight frequency distributions of the equipment 2a and 2b. 
In this way, even the same process shows a difference or no 
difference between the weight frequency distributions of 
different pieces of equipment. AS explained in the first 
embodiment, the weight WNB of a negative binomial 
distribution is indicative of the degree of clustering faults in 
a wafer, and Such clustering faults are cad by a specific 
reason. A difference between the weight frequency distribu 
tions of different pieces of equipment indicates that the 
degree of clustering faults in a lot is dependent on the 
equipment that processed the lot. 

0168 (4) Step S93 of FIG. 20 calculates a difference 
between the negative binomial distribution weights WNBs 
of equipment pieces in each proceSS. Namely, for each of the 
graphs 29a and 29b of FIG. 19, step S93 quantitatively 
calculates the difference between the weights WNBs, to 
determine whether or not there is a problem. 
0169 More precisely, if each frequency distribution of 
negative-binomial distribution weights WNBs is a normal 
distribution, or is approximated by a normal distribution, a 
t-test is employed to find a difference between weight 
frequency distributions and the degree of the difference (the 
number of Significant differences). If each frequency distri 
bution is not a normal distribution, or is not approximated by 
a normal distribution, the lots concerned are divided into 
groups according to characteristic quantities. Then, each of 
the groupS is analyzed to find out processes and equipment 
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related to lots in each group. For example, if there is a group 
involving a high degree of clustering faults, the processes 
and equipment related to lots contained in the group are 
clarified. This is carried out by an x-test that compares x 
values with each other to extract problematic processes and 
equipment. Here, the x values indicate deviations from a 
normal value involving no problems. 

0170 In step S93 of FIG. 20, a parameter indicating the 
difference between the weight frequency distributions of the 
proceSS 1 is 1. In this case, it is determined that the difference 
is Small, and therefore, the proceSS 1 is not problematic. On 
the other band, a parameter indicating the difference 
between the weight frequency distributions of the process 2 
is 40. In this case, it is determined that the difference is large, 
and therefore, the process 2 is problematic. The determina 
tion of a problematic process may be made like the first 
embodiment of determining clustering faults. Namely, 
instead of the threshold negative-binomial-distribution 
weight WNB(th) of step S401 of FIG. 3, the seventh 
embodiment Sets a threshold for a parameter indicating a 
weight frequency distribution difference, and according to 
comparison between this threshold and a weight frequency 
distribution difference parameter of each process, automati 
cally determines whether or not the proceSS is problematic. 
0171 (5) Step S94 sequentially picks up, as problematic 
processes and equipment, the processes and equipment 
having large weight frequency distribution differences. For 
example, step S94 of FIG. 20 picks up the process 2 and 
equipment 2b having a largest weight frequency distribution 
difference of 40, and the process 6 and equipment 6c having 
a Second largest weight frequency distribution difference of 
15, and the like. The picked-up processes and equipment 
form a list 30 shown in step S94. The seventh embodiment 
checks the picked-up problematic processes and equipment 
sequentially from the top of the list 30, to see if the process 
or equipment causes faults. This results in quickly identify 
ing processes and equipment that drop yield. The threshold 
Set for the parameter indicating a weight frequency distri 
bution difference may be used to issue an alarm to the user 
whenever a problematic process or equipment that exceeds 
the threshold is found. Then, the user may take a quick 
action against the abnormality in manufacturing processes. 

0172 FIG. 21 is a block diagram showing an apparatus 
for identifying a problematic proceSS and equipment accord 
ing to the seventh embodiment of the present invention. The 
apparatus achieves the method of identifying problematic 
processes and equipment explained with reference to FIGS. 
19 and 20. 

0173 In FIG. 21, the apparatus includes a tester (electric 
fault detector) 32, a process controller 35, a program 
memory 2, a data memory, an input unit 4 to enter data on 
electrical faults present in a wafer, an output unit 5, a display 
6 to display distribution shapes, and an alarm unit 36. 
According to the Seventh embodiment, the data memory is 
mainly made of a part to Store data 31 on electrical faults, a 
part to Store data 27 on negative-binomial-distribution 
weights WNBS lot by lot, a part to store process data 
(equipment history) 28, a part to store data 29 on a frequency 
distribution of weights WNBs equipment by equipment, a 
part to Store data 30 on problematic processes and equip 
ment and weight frequency distribution differences, and a 
part to store data 34 on faults. 
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0.174. The tester 32 corresponds to the electrical fault 
detector 16 of the third embodiment of FIG. 10. The tester 
32 employs an electrical or optical technique to detect 
electrical faults in a wafer, and provides the coordinates of 
the detected electrical faults on the wafer. Instead of the 
tester 32, it is possible to employ an electronbeam tester (EB 
tester) an emission microscope (EMS), or an electronic 
microscope. 
0.175. The process controller 35 includes functional units 
to pick up problematic processes and equipment. The func 
tional units include a data converter 15 to convert the faults 
data 34 from the tester 32 into data usable to form a 
frequency distribution of electrical faults, a frequency dis 
tribution calculator 7 to calculate a frequency distribution of 
electrical faults in chips, a discrete-distribution function 
calculator 8 to approximate a frequency distribution of 
electrical faults by Overlaying at least two discrete distribu 
tion functions, a weight frequency distribution calculator 33 
to calculate a distribution of negative-binomial-distribution 
weights WNBS that approximate clustering faults, and a 
weight frequency distribution difference calculator 39 to 
calculate a difference between frequency distributions of 
negative-binomial-distribution weights of different equip 
ment pieces. 
0176) The data converter 15 converts the faults data 34 
provided by thee tester 32 into faults data 31 in a format 
appropriate to calculate a frequency distribution of electrical 
faults. The data 34 from the tester 32 include the coordinates 
of electrical faults on a wafer. The data converter 15 converts 
these coordinates into the number of electrical faults in 
individual chips divided from the wafer. The data converter 
15 is the same as that of the third embodiment of FIG. 10, 
and therefore, the details thereof will be omitted. 
0177. The frequency distribution calculator 7 uses the 
data 31 on the numbers of electrical faults to calculate a 
frequency distribution of electrical faults in chips. The 
discrete-distribution function calculator 8 approximates a 
frequency distribution of electrical faults by overlaying a 
Poisson distribution and a negative binomial distribution, 
and calculates the weight WNB of the negative binomial 
distribution according to the expression (3). The calculated 
negative-binomial distribution weight WNB is stored as part 
of the negative-binomial-distribution weight data 27 that is 
prepared lot by lot as explained in step S91 of FIG. 19. The 
frequency distribution calculator 7 and discrete distribution 
function calculator 8 are the same as those of the first 
embodiment of FIG. 2, and therefore, the details thereof are 
omitted. 

0.178 The weight frequency distribution calculator 33 
uses the data 27 on weights WNB of each lot and the process 
flow data 28 showing relationships between processes and 
equipment and calculates a frequency distribution of the 
negative-binomial-distribution weights WNBS lot by lot. 
The weight frequency distribution calculator 33 also uses the 
process flow data 28 of each lot, to calculate a frequency 
distribution of negative-binomial-distribution weights 
WNBs of each process and equipment. More precisely, the 
weight frequency distribution calculator 33 prepares the 
graphs 29a and 29b of FIG. 19 representing the weight 
frequency distributions of individual processes and indi 
vidual equipment pieces. The calculated weight frequency 
distribution of each equipment piece is Stored as the weight 
frequency distribution data 29. 
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0179 The weight frequency distribution difference cal 
culator 39 is a functional unit to calculate, for each process, 
a difference between the frequency distributions of negative 
binomial-distribution weights WNBs of different equipment 
pieces that processed chips in the process. Namely, the 
calculator 39 quantitatively finds a difference between the 
weight frequency distributions of different equipment pieces 
as shown in the graphs 29a and 29b of FIG. 19. The 
calculator 39 includes a normal distribution test unit, a t-test 
unit to find a difference between frequency distributions 
according to a t-test, and an X test unit carrying out an 
x-test to compare x values representing problem degrees. 
0180 (1) The normal distribution test unit functions to 
determine whether or not a frequency distribution of nega 
tive-binomial-distribution weights WNBs of each equip 
ment piece is a normal distribution, or is approximated with 
a normal distribution. 

0181 (2) If the weight frequency distribution of each 
equipment piece is a normal distribution or is approximated 
by a normal distribution, the t-test unit functions to deter 
mine whether or not there is a difference between the normal 
distributions of equipment pieces and calculate the differ 
ence (significant difference level). 
0182 (3) If the weight frequency distribution of each 
equipment piece is not a normal distribution or is not 
approximated by a normal distribution, the X-test unit 
functions to divide a target lot into groups according to 
characteristic quantities and analyzes the groups to clarify 
processes and equipment involved in each group. More 
precisely, the X-test unit identifies processes and equipment 
contained in groups that involve clustering faults of large 
degree. The X-test unit carries out its function by comparing 
x values (representing deviations from a reference value) 
with each other. 

0183 The calculated parameter representing the weight 
frequency distribution difference is Stored as the problematic 
processes and equipment data 30. 
0184 The program memory 2, input unit 4, and output 
unit 5 are the same as those of the first embodiment of FIG. 
2, and therefore, the details thereof are omitted. The display 
6 displays the frequency distributions of electrical faults 
calculated by the frequency distribution calculator 7, the 
discrete distribution functions provided by the discrete 
distribution function calculator 8, and the weight frequency 
distributions calculated by the weight frequency distribution 
calculator 33. 

0185. The alarm unit 36 is a functional unit to issue an 
alarm to managing perSonnel of the presence of problematic 
processes and equipment. For example, a red lamp or an 
alarm installed at the top of equipment along a manufactur 
ing line is turned on when problematic equipment is found 
according to a distribution difference exceeding a threshold. 
When turned on, the red lamp or alarm directly warns 
managing perSonnel on the manufacturing line of the abnor 
mal equipment. The data 30 concerning problematic pro 
ceSSes and equipment and distribution differences may be 
displayed on a display, to inform managing perSonnel at a 
remote location of the problematic processes and equipment. 
0186 The method of identifying problematic processes 
and equipment according to the embodiment is expressible 
as a Series of operations or procedures connected in time 
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Series. Accordingly, the method is expressible as a computer 
program to specify functions executed by processors, etc., in 
a computer System. The computer program may be Stored in 
a storage medium to be read by a computer. The program in 
the Storage medium is read by a computer, which executes 
the method of the seventh embodiment described in the 
program. The Storage medium may be used as the program 
memory 2 of FIG. 21. The program in the storage medium 
may be transferred into the program memory 2, So that the 
process controller 35 may execute operations according to 
the program. 
0187. The computer system 90 of FIG. 5 may be 
employed to realize the apparatus of identifying problematic 
processes and equipment according to the Seventh embodi 
ment. The apparatus 90 reads the computer program based 
on the Seventh embodiment from a storage medium and 
achieves the identification of problematic processes and 
equipment of the Seventh embodiment according to the 
procedures described in the program. The apparatuS 90 
according to the Seventh embodiment is connected to the 
tester 32 instead of the electric fault detector 16. The tester 
32 functions to observe wafers, detect electrical faults 
therein, and receive/transit the coordinates of the detected 
electrical faults. These functions of the tester 32 are con 
trolled by the computer System. 
0188 AS explained above, the seventh embodiment uses 
negative-binomial-distribution weights WNBs to identify 
processes and equipment that deteriorate yield. This tech 
nique is quite different from a prior art that obtains a yield 
of each lot, calculates a frequency distribution of yields 
process by proceSS and equipment by equipment, finds a 
difference between the yield frequency distributions of dif 
ferent equipment pieces, and identifies problematic pro 
ceSSes and equipment. Instead of the yield of each lot of the 
prior art, the Seventh embodiment obtains the negative 
binomial-distribution weights WNBs of each lot as shown in 
the graphs 29a and 29b of step S92 of FIG. 19. 
0189 The prior art that employs yield may identify 
processes and equipment that greatly affect yield. The prior 
art, however, is incapable of identifying processes and 
equipment that in combination cause a yield deterioration. In 
particular, a memory device having redundant circuits 
repairs defective memory cells with the redundant circuits, 
and Such repaired cells are Screened when estimating yield. 
Then, it is hard for the prior art to correctly evaluate 
electrical faults caused during manufacturing processes. 
0190. The method of identifying problematic processes 
and equipment of the Seventh embodiment is capable of 
correctly identifying processes and equipment that cause 
imperfect entities that deteriorate yield. The seventh 
embodiment carries out the problem identifying operation in 
a short time without labor and Surely identifies problematic 
processes and equipment. Even if electrical faults (imperfect 
entities) are caused by a combination of processes and 
equipment, the Seventh embodiment, correctly identifies the 
processes and equipment that caused the faults. For 
example, the Seventh embodiment correctly identifies a 
misalignment in a lithography System, or an incompatibility 
between a lithography System and an etching System by 
analyzing not only equipment in a given proceSS but also a 
combination of processes and equipment in a given process. 
0191 In the case of a memory device, imperfect entities 
may be redundant circuits required to repair electrical faults. 
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In this case, the Seventh embodiment is capable of detecting 
defective memory cells replaced with the redundant circuits. 
FIG. 22 is a graph showing a frequency distribution of 
redundant circuits. AS explained in the fourth embodiment, 
the number "nimax of redundant circuits maximizes accept 
able chips producible from a wafer. Any chip whose number 
of necessary redundant circuits is greater than "inmax’ is an 
unacceptable chip, and any chip whose number of necessary 
redundant circuits is Smaller than "inmax’ is an acceptable 
chip. AS explained in the Second embodiment, a clustering 
faults threshold with is set according to the number of 
redundant circuits that satisfies the expression (7). The 
clustering faults threshold with is used to separate chips 38 
involving clustering faults from chips 37 involving random 
faults. By employing negative-binomial-distribution 
weights WNBs instead of yields, the seventh embodiment is 
capable of considering chips 38 (FIG. 22) involving clus 
tering faults “n” in the range of with<n-nmaX. 
0.192 The seventh embodiment may prepare a frequency 
distribution of imperfect entities for each layer (for example, 
an active area layer, a gate layer, a first wiring layer, and a 
Second wiring layer), to more correctly identify processes 
and equipment that affect yield. This is because Specifying 
a layer leads to identifying processes and equipment specific 
to the layer. This technique reduces the number of Search 
targets Such as lots and performs a precision analysis of 
faults or redundant circuits in a short time. 

0193 Although the seventh embodiment employs lots as 
Search targets and chips as unit cells, this does not limit the 
Seventh embodiment. According to the Seventh embodiment, 
the Search targets may be wafers, and the unit cells may be 
blocks, groups, or shot areas. According to the Seventh 
embodiment, the imperfect entities are electrical faults. This 
does not limit the Seventh embodiment. According to the 
Seventh embodiment, the imperfect entities may be crystal 
defects, redundant circuits to be replaced with electrical 
faults, etc. If the imperfect entities are crystal defects, the 
tester 32 of FIG. 21 will be replaced with a defect observing 
unit. 

0194 The discrete-distribution function parameters used 
by the seventh embodiment are negative-binomial-distribu 
tion weights WNBs. This does not limit the seventh embodi 
ment. According to the Seventh embodiment, the discrete 
distribution function parameters may be distribution 
function average values (up, WNB) or clustering faults 
parameter C. For example, a Poisson distribution average 
value up tells the trend of the density of random electrical 
faults. This is effective to find problematic equipment not 
only from manufacturing equipment but also from environ 
mental equipment Such as a dust control System in a dean 
room. In this case, the seventh embodiment is effective to 
examine dean level in a clean room and determine the 
replacement timing of filters in the clean room. 

Eighth Embodiment 

0.195 AS explained at the start of the seventh embodi 
ment, an important matter to Solve is how to improve the 
productivity of manufacturing lines in a Semiconductor 
factory. In this regard, it is important to improve the yield of 
wafers and chips. 
0196. The fifth and sixth embodiments apply the cluster 
ing faults Searching method of the embodiments to various 

May 5, 2005 

testing/inspecting processes in Semiconductor device manu 
facturing to manage processes and equipment. Namely, the 
fifth and Sixth embodiments provide the proceSS managing 
method, dean room managing method, and Semiconductor 
device manufacturing method. 
0.197 Clustering faults found in a testing/inspecting pro 
ceSS in Semiconductor device manufacturing are useful to 
estimate yield at the time of testing/inspecting, as well as a 
final yield based on the estimated yield at the time of 
testing/inspecting. At each testing/inspecting process, it is 
possible to estimate manufacturing cost that occurs if the 
tested wafer or lot is Sapped and manufacturing cost that 
occurs if the tested wafer or lot is continuously processed. 
Then, the costs of the both cases are compared with each 
other to determine whether or not the tested wafer or lot 
must be Scrapped at the time of testing/inspecting. To make 
this determination, customers requirements must also be 
considered. 

0198 The eighth embodiment of the present invention 
provides a method of determining whether or not a Search 
target Such as a wafer and a lot must be Scrapped. This 
method employs data on clustering faults found in various 
testing/inspecting processes in Semiconductor device manu 
facturing. FIG. 23 is a flowchart showing the method 
according to the eighth embodiment including fundamental 
Steps of the wafer processing (upstream presses) of FIG. 16. 
The eighth embodiment employs, as an example, data on 
clustering faults found by the testing process carried out 
after the transistor forming process and before the wiring 
proceSS. 

0199 (1) Step S57 of FIG. 23 carries out an element 
Separating process that forms element Separating regions to 
isolate Semiconductor element forming regions from one 
another on a wafer produced through a wafer manufacturing 
process. Step S58 carries out a well forming process that 
forms well regions depending on the types (p and n types) 
of Semiconductor elements (transistors) to be formed in the 
element forming regions. 
0200 Step S59 carries out a channel forming process that 
forms channel regions by diffusing impurities of Specified 
concentration into regions where MOS transistor channels 
are formed. Step S61 carries out a transistor forming process 
that forms a gate insulating film and gate electrodes on the 
channel regions, and Source and drain diffusion regions in 
contact with the gate electrodes. This completes the forma 
tion of transistors on the wafer. 

0201 (2) Step S84 carries out an element characteristics 
evaluating process that evaluates the characteristics of the 
transistors and Searches for electrical faults in the wafer. 
This process determines whether or not the transistors are 
capable of providing required functions and performance. 
The transistors that are incapable of providing the required 
functions or performance are picked up as defective tran 
Sistors. More precisely, the transistors are tested for their 
Switching Speeds, gate threshold Voltages, the resistance 
values of electrode regions Such as Source, drain, gate, and 
channel regions, and ON resistance values between Sources 
and drains. These characteristics are tested if they satisfy 
required values or if they fall in marginal ranges. The 
transistors may also be tested for electrode-to-electrode 
Shorts, gate insulating film faults. Such as pinholes, abnormal 
electrode patterns, crystal defects in the channel regions, p-n 
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junction breaks between electrode regions, and other physi 
cal faults. In addition to the electrical and physical faults, the 
transistors may be tested for chemical contamination by 
alkaline metal Such as Na and K and heavy metal ions Such 
as Fe, Cu, and Ni ions. 
0202) Results of the evaluation are compiled into data 
that indicate, for each fault, the type of the fault, the 
coordinates of the fault on the wafer, etc., like the third 
embodiment. These pieces of data are converted by a 
converter Such as the data converter 15 of FIGS. 10 and 21 
into data necessary for calculating a frequency distribution 
of the faults. Namely, the coordinates of faults are converted 
into the numbers of faults on individual chips divided from 
the wafer and the coordinates of the chips on the wafer. 
0203 (3) Step S200 of the first embodiment of FIG. 3 is 
employed to calculate a frequency distribution of faults in 
the individual chips according to the converted data Step 
S300 of the first embodiment is employed to approximate 
the frequency distribution by overlaying a Poisson distribu 
tion and a negative binomial distribution. 
0204. By using the parameters Wp, up, WNB, NB, and 
a of the expression (3) concerning with the Poisson distri 
bution and negative binomial distribution, a yield after 
repair is calculated. More precisely, the frequency distribu 
tion of faults is used to estimate a probability of faults in a 
repair unit of not exceeding the number of redundant circuits 
contained in the repair unit, and based on the estimated 
probability, estimate a yield after repair at the completion of 
the transistor forming process. The yield after repair is also 
calculable by calculating the number of chips to be repaired 
by replacing faults with redundant circuits. A yield drop by 
faults caused during the wiring process of steps S63 to S74 
(FIGS. 16 and 17) is also considered, and a final yield 
obtainable after the completion of the wafer processing is 
calculated. 

0205 (4) According to the yield after the completion of 
the wafer processing, each lot is checked to see if the lot 
must be Scrapped. Namely, calculations are made to find 
profit and loss to be produced when a given lot is continu 
ously process after the evaluation, and a loss (manufacturing 
cost) to be produced when the given lot is Scrapped at the 
evaluation. The both values are compared with each other, 
and based on a result of the comparison, a determination is 
made to Scrap or not. 
0206 FIG. 24 is a graph showing a lot providing a high 
yield, a relationship between a process flow and manufac 
turing cost, and a relationship between Sales and profit. On 
the graph, an abscissa represents a flow of manufacturing 
processes and an ordinate represents profit and loSS. A 
plotted line indicates a relationship between manufacturing 
cost and processes. In FIG. 24, the manufacturing cost of the 
lot cumulatively increases according to the flow of pro 
cesses. The element characteristics evaluating process of 
step S84 of FIG. 23 indicates that a yield after repair at the 
completion of the transistor forming process of Step S65 is 
95% in FIG. 24. If the wiring processes and downstream 
processes are carried out after the evaluating process of Step 
S84, a final yield is 90% in FIG. 24. In this case, the sales 
exceed the manufacturing cost at the final Stage, to provide 
profit as the difference between the Sales and the manufac 
turing cost. 
0207 FIG. 25A is a graph showing a lot whose yield is 
insufficient, a relationship between a flow of processes and 
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manufacturing cost, and a relationship between final Sales 
and loss. In FIG. 25A, the element evaluating process of 
step S84 shows a yield after repair of 35%. If the lot is 
continuously processed through the wiring processes and 
downstream processes, a final yield will be 20%. In this 
case, the Sales are below the manufacturing cost at the final 
Stage, to cause a loSS. If a lot whose yield is very low is 
processed to the final Stage, a final loSS will be significant. 
0208 After considering a yield after repair provided by 
the evaluating process of Step S84 and a final yield estimated 
at this point, the problematic lot may be Scrapped quickly 
without carrying out the wiring processes and downstream 
processes on the lot. This minimizes a loSS equivalent to the 
manufacturing cost spent to the evaluating process of Step 
S84. FIG.25B is a graph showing the poor-yield lot of FIG. 
25A and a loss (manufacturing cost) to occur when the lot 
is sped at the evaluating process of Step S84. As shown in 
FIG. 25A, Scrapping the lot of a low yield of 35% at the 
evaluating process of Step S84 causes a loSS corresponding 
to the manufacturing cost to the transistor forming proceSS 
of step S61. Comparing this with the loss to occur when the 
lot is processed to the final Stage, it is understood that the 
loSS caused by Scrapping the lot is Smaller. In practice, 
Scrapping low-yield lots produces a Space in the wiring 
processes to shorten the production period of other lots or 
increase the number of lots to process thereby improving the 
processing efficiency of manufacturing lines. 
0209 Although the eighth embodiment has been 
explained in connection with Scrapping lots, this does not 
limit the eighth embodiment. According to the eighth 
embodiment, a wafer or a group of wafers involving clus 
tering faults may be Scrapped. 
0210. When determining whether or not a lot must be 
Scrapped, it is necessary to consider customer's require 
ments. For example, Some customer may request to receive 
products as early as possible even if the yield of products is 
low. In this case, lots of low yield must continuously be 
processed to the final Stage without Scrapping the lots. If a 
customer requests to receive many products at low prices 
even if the delivery of the products is delayed, lots of low 
yield must be scrapped as shown in FIGS. 25A and 25B. 
0211 AS explained above, the eighth embodiment forms 
transistors, carries out a testing process before wiring pro 
cesses, to evaluate the characteristics of the transistors, 
Searches for clustering faults according to a result of the 
evaluation, estimates a yield at this point, estimates a yield 
in processes that follow, and estimates a final yield. Accord 
ing to the final yield, the eighth embodiment correctly 
determines whether or not the tested lot or wafers must be 
Scrapped. The eighth embodiment avoids a loSS caused by 
Search targets (lots, wafers etc.) of low yield. 
0212 Although the eighth embodiment forms transistors, 
carries out a testing process before wiring processes, 
Searches for clustering faults according to a result of the 
testing process, and determines whether or not the tested 
target must be Scrapped, these procedures do not limit the 
eighth embodiment. Any one of the testing/inspecting pro 
cesses explained in the sixth embodiment of FIGS. 16 to 18 
including the testing proceSS carried out after partly forming 
wiring may search for clustering faults, and according to the 
Searched clustering faults, determine whether or not the 
target must be Scrapped. The testing/inspecting processes 
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uSable by the eighth embodiment include, for example, the 
faults finding process of Step S54, the faults finding proceSS 
on trench capacitors of Step S56, the faults finding proceSS 
on channels of step S60, the faults finding process on M1 of 
step S66, and the faults finding process on M2 of step S69. 
0213 Additional advantages and modifications of the 
present invention will readily occur to those skilled in the 
art. Therefore, the present invention in its broader aspects is 
not limited to the Specific details and representative embodi 
ments shown and described herein. Accordingly, various 
modifications may be made without departing from the Spirit 
or Scope of the general inventive concept as defined by the 
appended claims and their equivalents. 

1-13. (canceled) 
14. A method of optimizing redundant circuits, compris 

ing: 
entering the number of redundant circuits required to 

repaired faults in chips divided from a wafer; 
calculating a frequency distribution of the redundant 

circuits on the chips, and 
calculating an optimum number of redundant circuits that 

maximizes the number of acceptable chips producible 
from the wafer according to a relationship between the 
number of redundant circuits and the number of accept 
able chips producible from the wafer. 

15. A method of managing processes, comprising: 
taking one of Search targets, 
entering data on imperfect entities present in the taken 

Search target; 
calculating a frequency distribution of the imperfect enti 

ties in unit cells divided from the taken Search target; 
approximating the frequency distribution by overlaying at 

least two discrete distribution functions, 
Searching for clustering imperfect entities according to 

weights of the discrete distribution functions on the 
frequency distribution; and 

repeating these acts on each of the Search targets. 
16. A method of managing a clean room, comprising, in 

an imperfect-entity testing process carried out in the clean 
OO 

entering data on imperfect entities present in a Search 
target, 

calculating a frequency distribution of the imperfect enti 
ties in unit cells divided from the Search target; 

approximating the frequency distribution by overlaying at 
least two discrete distribution functions, and 

Searching for clustering imperfect entities according to 
weights of the discrete distribution functions on the 
frequency distribution. 

17. A method of manufacturing Semiconductor devices, 
comprising, in an imperfect-entity testing process taking 
place in Semiconductor device manufacturing: 

entering data on imperfect entities present in a Search 
target, 

calculating a frequency distribution of the imperfect enti 
ties in unit cells divided from the Search target; 
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approximating the frequency distribution by overlaying at 
least two discrete distribution functions, and 

Searching for clustering imperfect entities according to 
weights of the discrete distribution functions on the 
frequency distribution. 

18. A method of identifying problematic processes and 
equipment, comprising: 

taking one of Search targets, 
entering data on imperfect entities present in the taken 

Search target; 
calculating a frequency distribution of the imperfect enti 

ties in unit cells divided from the Search target; 
approximating the frequency distribution by overlaying at 

least two discrete distribution functions and calculating 
weights of the discrete distribution functions, 

repeating the above acts on each of the Search targets; 
calculating, equipment by equipment for each process, a 

frequency distribution of the discrete-distribution-func 
tion weights according to the calculated weights and 
equipment history of each Search target; 

calculating, for each process, a difference between the 
frequency distributions of the discrete-distribution 
function weights calculated equipment by equipment; 
and 

eXtracting processes and equipment related to the calcu 
lated differences in descending order of the calculated 
differences. 

19. The method of claim 18, wherein the imperfect 
entities are redundant circuits to repair faults in the Search 
targets. 

20. A program executable by computer, comprising: 
taking one of Search targets, 
entering data on imperfect entities present in the taken 

Search target; 
calculating a frequency distribution of the imperfect enti 

ties in unit cells divided from the Search target; 
approximating the frequency distribution by overlaying at 

least two discrete distribution functions and calculating 
weights of the discrete distribution functions, 

repeating the above acts on each of the Search targets; 
calculating, equipment by equipment for each process, a 

frequency distribution of the discrete-distribution-func 
tion weights according to the calculated weights and 
equipment history of each Search target; 

calculating, for each process, a difference between the 
frequency distributions of the discrete-distribution 
function weights calculated equipment by equipment; 
and 

extracting processes and equipment related to the calcu 
lated differences in descending order of the calculated 
differences. 

21. An apparatus for identifying a problematic process 
and equipment, comprising: 

a data memory at least Storing data on imperfect entities 
present in Search targets each divided into unit cells and 
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equipment history showing the Search targets and pro 
cesses and equipment that processed the Search targets; 

a frequency distribution calculator calculating, for each of 
the search targets according to the data on imperfect 
entities, a frequency distribution of imperfect entities in 
the unit cells of the Search target; 

a discrete distribution function calculator approximating 
each of the frequency distributions by overlaying at 
least two discrete distribution functions and calculating 
weights of the discrete distribution functions; 

a weight frequency distribution calculator calculating, 
equipment by equipment for each process, a frequency 
distribution of the discrete-distribution-function 
weights according to the calculated weights and the 
equipment history; and 

a difference calculator calculating, for each process, a 
difference between the frequency distributions of the 
discrete-distribution-function weights calculated 
equipment by equipment. 
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22. A method of determining whether or not a search 
target must be Scrapped, comprising: 

evaluating, in a testing process in Semiconductor device 
manufacturing, the characteristics of Semiconductor 
elements on the search target and detecting imperfect 
entities present in the Search target; 

calculating a frequency distribution of the imperfect enti 
ties in unit cells divided from the Search target; 

approximating the frequency distribution by overlaying at 
least two discrete distribution functions and calculating 
parameters related to the discrete distribution func 
tions; 

calculating a yield of the Search target according to the 
calculated parameters, and 

determining, according to the yield, whether or not the 
Search target must be Scrapped. 


